| STYRENE RESI N COVPQCSI TI ON AND PROCESS FOR PRODUCI NG THE SAME BACKGROU

. OF THE INVENTION Field of the Invention 5 The present invention relatesh$g
a styrene resin conposition conprising a linear polystyrene and a
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10 for use as a molding material in a variety of molding processes.

Description of Related Art
Because styrene based resins exhibit good rigidity and excellent dimensional
15  stability, and are also cheap to produce, they are widely used in molding applications, in
recent years, improved strength has been sought from styrene based resins in a number of
applications. Although increasing the molecular weight of a styrene based resin is an
effective method of increasing the strength of the styrene based resin, in the case of
conventional linear polystyrenes, increasing the molecular weight invites an increase in
20  the melt viscosity, with a resulting marked deterioration in the moldability.

The addition of plasticizers is typically used as a method of improving this type of
deterioration in moldability, however this causes a reduction in the mechanical strength of
the final resin molded product. One example of a process which aims to resolve this
problem by imparting a branched structure to the polystyrene is disclosed in Japanese

25  Examined Patent Application, Second Publication No. Sho 41-19511, wherein branching



is introduced into the pol ystyrene by using styrene and a pol yfuncti onal

. peroxi de conpound such as

2,2-bis(4,4-di-t-butyl-peroxy-cycl ohexyl)-propane as a pol ynmeri zation
initiator, although even with this proeess, the degree of branching can
only be controlled at a |low level, and achieving a satisfactory branched
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copol ynmerizing 10 styrene with a conpound such as diyvinyl benzene contai ni ng
at | east attadowdewsl| angrashjsying aryatisfastopebrapelieg strystersds BHEEH  copol yner i s

di scl osed as exhibiting excellent noldability, although because the
copolymer is pipanesetinegamiried PatetiuAipplicdtion, Ficdt Poblidatian NenHet 6d€6813.1n i s
difficult to produce industrially, and because the ampbunt of the other

ponpounda[pgt\(érg}% to "ﬁh )12 2 BtantheWtn@hR RSpdIPstyrend didcdieda seedtctabdtigesingni fi cant
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Japanese, tRexam ned. it SRR | SR8 0L QUG UA0B, A pofly 81316261,

in anot a styrene based resin gh nol’ecul ar
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strength, and favorable noldability can be produced with no | oss of
ri gi oty sQferesith a taapaimdnoeh aHlivmytienzdecauginiegatdeasbwe vipsl g1avps- zat i on i s
used, a conplicated control is required, for nmaking the process unsuited
t 0 i ndustyhk fhmRdQsbiEtireRt baded SPMARY iO8isdlobed AENDitY excellent moldability,
although because the copolymer is prone to gelation during the polymerization process, it
is difficult to produce industrially, and because the amount of the other compound having
at least vinyl groups is restricted, achieving significant increases in the physical properties
15  of the product resin is difficult.
Japanese Unexamined Patent Application, First Publication No. Hei 9-316261, in
another attempt to give a styrene based resin with a high molecular weight and a favorable
level of moldability, discloses a mixture of a star branched polystyrene produced by an
anionic polymerization, and a linear polystyrene produced by a radical polymerization,
20  and reports that a styrene based resin composition with good fluidity and mechanical
strength, and favorable moldability can be produced with no loss of rigidity or heat

resistance. However, because an anionic polymerization is used, a complicated control is

required, for making the process unsuited to industrial production.

235 SUMMARY OF THE INVENTION



3 An object of the present invention is to provide a styrene resin

. conposition which has a high nol ecul ar wei ght enabling a nol ded product
obtained therefromto have satisfactory strength, has a high nelt
mass-flow rate, high nelt tension, and3hence excellent noldability, and is
| ess apt to gel during production, and a process for producing 5 such a

styrene resin GORPOSIol HRIpresdht AvERtH ib tPprob il ARBIR: fe§if RBApDsiBbABMICAL
achi eving the above object, the inventors of tHe present invention have
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styrene, and a linear_ polystyrene exhibits excellent nelt tension (M),
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nol dabil ity and good resistance to gelation, and they were hence able to
conpl et e extedlept mokdabilityywed s loss. apAtrgal dunyg produétenp aed e ptockssfenpioducipg ovi des
a styrene resin conposition conprising a linear polystyrene having a

wei ghy avedpgayramk esil admpwitht of 200,000 to 350,000 and a mul tibranched
pol ystyrene having a wei ght average nol ecul ar wei ght of 15 1,000,000 to

10, 000, 000, i : - | j: 000 00,
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melt tension and the wei ght average nol ecul ar weight 25 respectively for
t he styr enéstyesienarslonbassi polysiyrene exhibits excellent melt tension (MT), while also

10 providing a high melt mass-flow rate (MFR), excellent moldability and good resistance to
gelation, and they were hence able to complete the present invention.

Accordingly, the present invention provides a styrene resin composition
comprising a linear polystyrene having a weight average molecular weight of 200,000 to
350,000 and a multibranched polystyrene having a weight average molecular weight of

15 1,000,000 to 10,000,000, which has an average molecular weight of 250,000 to 700,000,
and a melt mass-flow rate (MFR) and melt tension (MT) which satisfy the following

formulas (1} and (2) respectively.

MFR 2 45 x exp(-0.1 x Mw x 10 (D
20 (wherein, MFR and Mw denote the melt mass-flow rate and the weight average molecular

weight respectively for the styrene resin composition)

MT 2 0.07Mw x 10 + 1.8 (2)
(wherein, MT and Mw denote the melt tension and the weight average molecular weight

25  respectively for the styrene resin composition)



4 Furthernore, the present invention also provides a process for producing
. the above styrene resin conposition by caring out a radical polynerization
of (A) a multibranched rmacrononomer having a branched structure containing
el ectron attracting groups and 5 terti dry carbon atons in which the 3 bonds
ot her than the bond bonded to an electron attracting group are all bonded
to other carbon atons, and doubl e bonds bonded directly to an aromatic
ring, and (B) styrene. In addition, the present invention also provides a

process for p%ogﬁicylg{]og? L0e px%?e%\{?n i‘n%ﬁ%& Eﬂ%@i&e?ﬁip%cg%yﬁpﬁlio Laﬂg HRLEeE N the

nmul ti br anched ene ced
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consi sting of ether |inkages, ester |inkages and am de |[|inkages, and
doubl e bordsnainoties hbwageﬂprarehnd steicture gorfainBig(eByctron pHeasENE FHMPH padsent
i nvention provides a styrene resin conposition which has a high weight
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have satisfactory strength, has a higher nmelt mass-flow rate and melt

tension Liakifs of0R RN Bfjiled kd BHE! cPRYAHE G d6OMBEBRY WRdBRUIaibe same
wei ght average ﬁnl ar 20 mel and consequently offers excellent

nol dabi |Ité{? Qd i S qus]s apt to geI during production, and a process for
pr oduci n§" &% e resin conposition. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 FIG I is a schematic illustration show ng the branched
structur éBbf’rtY’%Ene

In addition, the present invention also provides a process for producing the above
10 styrene resin composition, wherein the multibranched polystyrene is produced by caring
out a radical polymerization of
(A) a multibranched macromonomer having a branched structure containing a repeating
structural unit selected from a group consisting of ether linkages, ester linkages and amide
linkages, and double bonds at the branch terminals, and
15  (B) styrene.

The present invention provides a styrene resin composition which has a high
weight average molecular weight enabling a molded product obtained therefrom to have
satisfactory strength, has a higher melt mass-flow rate and melt tension than a
conventional linear polystyrene composition having the same weight average molecular

20  weight, and consequently offers excellent moldability, and is less apt to gel during

production, and a process for producing such a styrene resin composition.

BRIEF DESCRIPTION OF THE DRAWINGS



mul ti branched macronmononer derived froman AB2 type nononer. FIG 2 is a

. GPC chromat ogr aph of a resin conposition of an exanple 2. The horizontal
axis represents retention tinme and the vertical axis represents peak
strength. 5 FIG 3 is a diagramshow g the relationship between the

wei ght average nol ecul ar wei ght and the MFR value for exanples I to 10 and

conparati ve exqap| &% khbRatiGilludPRicHBbhirgl the bRAcK@ANLA8RRAL ofthe resul ts for
t he exanpl es, and the squares represent the results for the conparative

exanpl es, and the .curve represents, the rel.ati ' tween the weight
aver age Hﬁ\?tg@ﬁ? d RRACHTROIERFT e V%ia%%lﬁ agrfl}?%t‘gB?%]Ehg gﬁlo (MFR = 45 xg
exp(-0.1 x Mv x 104)). DETAI LED DESCRI PT] ON OF THE |.NVENTI Cﬂ\lthi_gFf ol I ow ngs

are a nore defi| i AEBEhRMABPEIaPh g 3 SN FORGIREIHEN ©Of 8 SRR esent
i nvention. 15 A styrene resin conposition of the present invention is
cont ai ni hgrizomallaxisrepresémsiretantiby sitnerand ¢hovsrtical eyissgprasepts peake siremgtll.on of a
mul ti branched macronmononer having a plurality of double bonds at the

nol ecyl ar t er FGal & aMikprafil $HoGes tha Relatorishipeirtwdal tis gighngverddeat i s
produced at the sane tine. There are not particular restrictions on the
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the styrene resin osition o e present inventi al t hough

mul ti branched pol,ystyrenes hayin ranched structu ] ectron
ath tr acth i ghfgﬁf’éﬁ’r?b Cé“r‘iﬁestr'él?"ﬁegf%e 5%?1&%?:“3&0%@31%5’ \E}\%{@% Sﬁﬁ%é%]eg%n%st %{oet her
than the bond_ bonded to an electron attractin rou re al.l bonded to

ot her cartsyHs frdhe coraparativg gxamples ¢ YV §qugs§%té§heﬁr§$qtlﬁasal'5p bETER
structures containing a repeating structural 6 unit selected froma group
consi st i nige weight dveragei milegdar, weightand IMRR kased cartbe fovingla | | nkages

10 (MFR =45 x exp(-0.1 x Mw x 10™).

DETAILED DESCRIPTION OF THE INVENTION
The followings are a more detailed description of a resin composition of the
present invention.

15 A styrene resin composition of the present invention is containing a multibranched
polystyrene obtained by a polymerization of a multibranched macromonomer having a
plurality of double bonds at the molecular terminals with styrene, and a linear polystyrene
that is produced at the same time.

There are not particular restrictions on the branched structure of the multibranched

20  polystyrene contained within the styrene resin composition of the present invention,
although multibranched polystyrenes having branched structures containing electron
attracting groups and tertiary carbon atoms, in which the 3 bonds other than the bond
bonded to an electron attracting group are all bonded to other carbon atoms, and

multibranched polystyrenes having branched structures containing a repeating structural



are preferred. The branched structure of the nultibranched polystyrene is

. derived fromthe nultibranched macronononer that is copol ynerized with
styrene. The electron attracting 5 group content of the branched structure
of the nultibranched pol ystyrene contaibned within a styrene resin
conposition of the present invention is typically within a range from 2. 5x

104 to Syuf sdifetdd Fotd 4 BRP cofidinR ke RhNagks, @8lcPlifRagdddhd nide Grikddds 2

mllimls, per 1 g of the nmultibranched pol ystyrene.” There are not

particulg; g ri;ctions on the nultibranched macronmononer used in 10 the
€ Pr ed. . . : : .

present i nvention provided it contains a nmultibranched chain, and one

exanpl e of a referred structure is. | t.i branched cronpnoner havi ng,
within a singl CREEREH gructire gf e cpltibraprisdipghEESICS AR 1R TETBANG on
attracting groups and tertiary carbon atons in which the 3 bonds ot her

t han t he nbdnbrabched enhcremenpnedrdit ioeppatymernzed mythghxaens. abhe el¢dtronairagting t o
ot her carbon atons, and doubl e bonds bonded directly to an aromatic ring.

This 45 Gyqe ohtentibf thb beanehalstioae oDhe matibanched ppBisiyidirObaninvdavitiimnoner
derived froman AB2 npnoner, and has a branched structure simlar to that

shown ch%ggi&}e&@tibl%g}nﬁoﬁl{i& of]tlhleiggéssmtw&ﬁ%i_ gﬁf&ﬁfl‘ﬁ@itﬁiﬂ%é‘é flof@n be

produced e ucl eop substituti reaction of active
met hyl en raups . w t hybonded el ectr.on, attract. r 2 20..EX | es of the
el ectr on‘iasg‘tlﬁaé? Pwétl ‘Er Bup %Iaﬂggre-f%ﬁtﬂy- waégtox?:%‘\nﬂ?z%gﬁb\l?%‘?°%n9§3m
and -P(:C»géfoz,_and in those cases in which the nethyl ene group to which
the el eof thsrmultibraaghqdyplyttyane.i s bonded i s bonded directly to an aromatic
ring or a carbonyl group, the activity of the nmethylene group is further
i ncreased. 7 Thee arx aofppeetioflartrhsricnidnsicnrtnmbbibranebedmacromenomsegsed in t he
present invention is
10 the present invention provided it contains a multibranched chain, and one example of a
preferred structure is a multibranched macromonomer having, within a single molecule, a
branched structure containing electron attracting groups and tertiary carbon atoms in
which the 3 bonds other than the bond bonded to an electron attracting group are all
bonded to other carbon atoms, and double bonds bonded directly to an aromatic ring. This
15  type of multibranched macromonomer is a hyperbranched macromonomer derived from
an AB; monomer, and has a branched structure similar to that shown schematically in FIG.
1.
This type of branched structure can be produced easily by a nucleophilic
substitution reaction of active methylene groups with bonded electron attracting groups.
20  Examples of the electron attracting group include -CN, -NO,, -CONHj,, -CON(R),, -
SO,CHs, and -P(=0)(OR),, and in those cases in which the methylene group to which the

electron attracting group is bonded is bonded directly to an aromatic ring or a carbonyl

group, the activity of the methylene group is further increased.



a mul ti branched macronmononer containing a branched chain conprising a

. repeating unit represented by a general formula (1) shown below. 5 Ceneral
formula (1) Y1 Z- T 2-C [wherein, Y1 denotes an electron attracting group
selected froma group consisting of -CN, -NO2, -CONH2, -CON(R) 2, -SQ2CH3,
and -P(=0)(OR)2 (wherein R denotes an al kyl group or an aryl group), Y2

denotes an aryhRN& ¥ ihe ng@rarf&'hed Nﬁt]@%onoﬁl@fjus%dQE ﬂﬁt;ﬁ@seﬁt %Qelgfo‘ﬂqp
sel ected froma group consisting of - (CH2)" 20), -,

( ?&24%42 CH2 211{ Hq?yi?e mac%%%pé?@do\ﬁélmﬁg & F%ﬂgﬁ%%a%o oﬁpnsm&'t r%%atm% uqant es

(CH2CH2CH2C»" Ar- (whereir Ar e es, an aryl group)] 15 Y2 may be an

aryl ene &FRIGISNEE Ry esperal bQHWFS #¥ting of the fornulas shown bel ow,
for exanple. f , O these, structures in which Yi is -CNand Y2 is a
phenyl ene group are preferred. In those cases where Y2 is a phenyl ene
group, although there are not particular restrictions on 20 the bonding
posi t 5 on Gneral f@nmilagly of the o-position, the mposition and the p-position
are acceptable, the p-position is preferred. Furthernmore, there are not
particular restricfjons on 8 the nunber of repeating units n in the group
Z, al though fronlt vi ewpoi nt of ensuring solubility wthin styrene,

val ues fr &%2 preferred, and values from2 to 10 are even nore
desi rabl e. ranched macronmononer having the branched structure
descri bed above

[wherein, Y denotes an electron attracting group selected from a group consisting of -CN,
-NO;, -CONHj,, -CON(R),, -S0,CHj, and -P(=0)(OR); (wherein R denotes an alkyl group
or an aryl group), Y denotes an arylene group, -O-CO- or -NH-CO-, and Z denotes a

10 group selected from a group consisting of -(CH3),0-, (CH2CH;0)y-, and -
(CH,CH,CH,0),-, providing that Y3 is either -O-CO- or -NH-CO-, Z denotes -(CHj),-, -
(CH3)sAr-, -(CH;),0-Ar-, -(CH2CH;0),-Ar-, or -(CH,CH,CH,0),-Ar- (wherein Ar

denotes an aryl group}]

15 Y, may be an arylene group selected from a group consisting of the formulas

shown below, for example.

© oo coo &°

Of these, structures in which Y, is -CN and Y is a phenylene group are preferred. In
those cases where Y is a phenylene group, although there are not particular restrictions on
20 the bonding position of Z, and any of the o-position, the m-position and the p-position are

acceptable, the p-position is preferred. Furthermore, there are not particular restrictions on



5 can be produced in the presence of a basic conpound by: (i) producing, as
- a precursor, a nultibranched self condensing type condensation polyner by
conducting a nucl eophilic substitution reaction of an AB2 type nononer
having, within a single nolecule, an d&ctive nethylene group and a | eaving
group for the nucleophilic substitution reaction of the active nethyl ene

group, ankk mﬁwerl)@répehan%ﬁaﬂ@upﬁﬂtﬁag@uplzchm@hlﬂo@n GRS AdMd ARnfifRet | On Of
t he unreacted active methyl ene groups or nethyne groups renmaining in this

condensatyj n ol ecul e,
a doubl e Hﬂ)gowntgﬁ{ds t#epgc‘?,&gﬁﬂgg%alr%%%f%wana\%lgéﬁr e?\}f)ﬁg%@r oup for
t he nucleo hilic suqﬁtltutlon reaction of the active nethylene group. 15
In the aff¥ m85§¥?Fﬁ Fon, the I eaving group for the nucleophilic
substitution reaction of the active nethylene group refers to a hal ogen
atom or an - O3he nylGkragehedpnacromenasner hrving st branched atristhreglesurpbedrabave ar vyl
group) that is bonded to a tertiary carbon atom and specific exanples

i ncl ufle aabbopiodecatianke presdnconf abast esmpaund®t hyl sul f onyl oxy group or a
tosyl oxy group. 20 Strong al kalis such as sodi um hydroxide or potassium

hydr oxi dej) priubin@f & 2[ c@Sor, h ARG 8 @apeMﬂfénmﬁ‘Q%p@rc@n&b%%ldnrboq (f orm of

an aqueous sol ution ring fhe reactions. Exanp es of the AB2 nnnoner
havi ng, ene roy and a IeaV|ng
ar oup 7 of Rt 32%#%??@19 Gt ﬁtwtﬁﬁ.r%% i S IPARY LSRR R Be bR cne

group includ enat ed. al hen acetonltrlles

B et haS BRI LERLAT  FICFE BPUR BHA RGBEBEP AR DS RERSPBIEUS oni t i e,
and 9 phenylacetonitriles wth a tosyloxy group such as to syl oxy-

(et hyl ené‘é‘?@;f/’}‘“mnﬁﬁ%qﬁ‘?n &t theqwstive methylexng group, and then

t osyl oxy-di (et hyl eneoxy) - phenyl acetonitrile.
10 (ii) conducting a nucleophilic substitution reaction of the unreacted active methylene

groups or methyne groups remaining in this condensation polymer with a compound
comprising, within a single molecule, a double bond bonded directly to an aromatic ring
and a leaving group for the nucleophilic substitution reaction of the active methylene
group.

I5 In the above description, the leaving group for the nucleophilic substitution
reaction of the active methylene group refers to a halogen atom or an -OS(=0);R group
(wherein R denotes an alkyl group or an aryl group) that is bonded to a tertiary carbon
atom, and specific examples include a bromine atom, a chlorine atom, a
methylsulfonyloxy group or a tosyloxy group.

20 Strong alkalis such as sodium hydroxide or potassium hydroxide are preferred as
the basic compound, and are used in the form of an aqueous solution during the reactions.

Examples of the AB; type monomer having, within a single molecule, an active
methylene group and a leaving group for the nucleophilic substitution reaction of the
active methylene group include halogenated alkoxy-phenylacetonitriles such as

25  bromoethoxy-phenylacetonitrile and chloromethylbenzyloxy-phenylacetonitrile, and




Represent ati ve exanpl es of the conpound conprising, within a single

- nol ecul e, a double bond bonded directly to an aromatic ring and a | eaving
group for the nucleophilic 5 substitution reaction of the active

met hyl ene group include chloronmethyl styrene and brononethylstyrene . The
reaction (i) described above is used to synthesize a condensation pol yner
that acipherd8acetditeitasVaet a toafidxy BROUPSAER hPsKlbky-(ctifyletdy0 synt hesi ze a
mul ti branched nacronononer by 1 ntroduci ng doubl e bonds bonded directly to
an ar omat,j ' I 0k Ng Lem.(i) and the reaction
(i) can5”[3%“’2‘1*%3E’é‘?‘“ﬁ:%%’ﬁ"&?%%@‘@%‘Sﬁ?@?ﬁ‘{";‘yéE@e'{yggﬁ‘h”éﬁﬂea| ly, or both
reactions canp%g con uct ed s'nul%aneouslﬁdmﬁtth t he sane.rﬁgctio system
The mol ecul ar RRBTGAIASE SAPH|OFf 15 SOmAvERd Compi S MBIR R Sgl BYeeltd of | ed
by alteri&ﬁ the relative proportions of the nononer and the basic
conpound dowbie bpad b@d&ﬁﬁlﬂéﬁgf tognrematic Beg aad 2 lepyiag eraag frade anolgephilic used
in the present 15 invention is a nultibranched macronononer having a

br anched sshstititionrreactionoéithei activamethypmatgrawy iatlndethlomimetinilityizet et ed from a
group consisting of ester linkages, ether |inkages and am de |inkages, and
et hyl enephasgifletdpuir@ebonds at the branch term nals. Miltibranched

macr onononer s conprising an ester |inkage as the repeating structural

unit are struggures;pt @g?gs%gg%raﬂogfgriél}g%ﬁ!t@?yé]‘?ﬁe@éle%Q}Sgdgﬁéc’%g}c}g@ﬁ%h?uch as

vinyl 20 groups or Is ro in a multirbran yester

pol yol containing a nmolecul ar chai.h.in ich the carbgn atops adjacent to
Phe” car bors A B pidBohan e Basin il e BuSamette § BIIEREMRET coul ar chai n
are tertiary carbon_atons,. The introduction of these ethylene based

doubl e b&RGETReRAEE by IRtdurine seuble Popdy Yanded diregily| tg ap araamatisaneggatorthe ned vi a

an esterification reaction or an addition reaction. 10, Exanples of the
abov &0 t y peecofsonuThe teactimmi@dnd dheyresctam (i) odrybd eithencorslueted veparatelyand

sequentially, or both reactions can be conducted simultaneously within the same reaction
system. The molecular weight of the multibranched macromonomer can be controlled by
altering the relative proportions of the monomer and the basic compound.
Another example of a preferred multibranched macromonomer used in the present
I5  invention is a multibranched macromonomer having a branched structure containing a
repeating structural unit selected from a group consisting of ester linkages, ether linkages
and amide linkages, and ethylene based double bonds at the branch terminals.
Multibranched macromonomers comprising an ester linkage as the repeating
structural unit are structures produced by introducing ethyleny double bonds such as vinyl
20 groups or isopropenyl groups into a multibranched polyester polyol containing a
molecular chain in which the carbon atoms adjacent to the carbonyl groups of the ester
linkages which form the molecular chain are tertiary carbon atoms,. The introduction of
these ethylene based double bonds into the multibranched polyester polyol can be

performed via an esterification reaction or an addition reaction.



commercially include "Boltorn H20, H30 and H40", manufactured by

- Perstorp AB. The above nultibranched pol yester polyols nmay already contain
substituents that are bonded via an ether |inkage or sone other |inkage at
a portion of the hydroxyl groups, 5 ot0.alternatively a portion of the

hydr oxyl groups may have been nodified by an oxidation reaction or sone

other type of pxemplek %Fthe@%@é‘ﬁfp%fﬁmltﬂmmw g&gf?;te Jg)?’;ylﬂﬂ% Qéyzivaﬁﬁb?éjps of

the nul ti branched pol yester polyo nay een esterified.

Repr esen " i l.t| br cro mer incl ude
10 st ruc%@%}en\gwgﬁg@gﬂé@g ﬁglft%rgrlr—?z r?fghgﬁ rdﬂ%}WZ%F? ?)t/’ rsEﬂ’i cting a
conpound with | east ydr oxyl grou W th a nonocarboxylic acid
conmpound havi Ege é?oﬂeéaglf‘gf%ﬁ drfgﬁg}’%ﬂ?lpo FPiupay 3lreadn comainsabgiduensthat om

adj acent to the carboxyl group is a tertiary carbon atom and subsequently

react i ngatethonded viaalethiey dinkagelor gowe ptheotinkdze apa pyriion ofithethyainoxnyh gatups,at ed
acid such as acrylic acid or netbacrylic acid, or wwth an isocyanate group

15 coht abnaltgnaiselyl 4 portias efithe ARG DgrobpamRy B@ve@eeﬁbﬂddhﬁgd%mlcﬂwﬂoﬂner S
conprising ester linkages as the repeating structural unit are also

di scloseggagyoﬁr&r%g{é(ﬁherqg,%x frehfion. Angew. Chem Int. Ed. Engl. 29" on
pages 138 to 177 (1990 arrp es of the aforenentioned conpound havi ng at

| east one hyd r Oup. i nc i phati ¢ .dio lic diol s
and aronmatic gl %\}{érm%mn)aﬁo?‘no& f"{fje ar?x}gtg?%%ﬂsggtlﬁ)mguag‘r“alllefd}/iﬁé}?ﬁol s such
as sorbitol . and mannit hydr o- ennea- heptitol or dipent

aer yt hri PRlyol mgy biveé!l‘i??"l?bl’?ﬁ&f)ﬂe&gieé such as (x-methyl gl ycoside , g)

nonof unctiona | al cohols such as ethanol and hexanol , and h) hydroxyl
group cont ai nRapreprtativercsamples afthas type ebmblibransheghmagbmanomeosiclug®00, gi ven

by reacting an al kyl ene oxide or a derivative thereof having the hydroxyl
groups oftnemeenprodoced hof fotthimgal moltibtasclal mdyrer Hyreattig d @nghouad ot at | |

least one hydroxyl group, with a monocarboxylic acid compound having at least two
hydroxyl groups in which the carbon atom adjacent to the carboxyl group is a tertiary
carbon atom , and subsequently reacting the terminal hydroxyl groups of the polymer with
an unsaturated acid such as acrylic acid or methacrylic acid, or with an isocyanate group
15  containing acrylic based compound. Examples of multibranched polymers comprising
ester linkages as the repeating structural unit are also disclosed by Tamalia et al. in
"Angew. Chem. Int. Ed. Engl. 29" on pages 138 to 177 (1990).
Examples of the aforementioned compound having at least one hydroxy! group
nclude a) aliphatic diols, alicyclic diols and aromatic diols, b) triols, c) tetraols, d) sugar
20 alcohols such as sorbitol and mannitol, e} anhydro-ennea-heptitol or dipentaerythritol, f)
a-alkylglycosides such as a-methylglycoside, g) monofunctional alcohols such as ethanol
and hexanol, and h) hydroxyl group containing polymers having a molecular weight of at
most 8000, given by reacting an alkylene oxide or a derivative thereof having the hydroxyl

groups of one or more of the alcohols selected from a) to g) above.



Exanpl es of suitable aliphatic diols, alicyclic diols and aromatic diols
-include 1,2 ethanediol, 1,3-propanediol, 1,4-butanediol, |,5-pentanediol,
1, 6- hexanedi ol , pol ytetrahydrofuran, dinethyl ol propane, neopentyl propane
pol ypropyl ene gl ycol; cycl ohexanedi nethanol and 1, 3-di oxane-5, 5-di net hanol
; and 1, 4- xylylenedi nethanol and | -phenyl- 1,2-ethanedio 1. Exanpl es of
surtabl e {1 OlExahipfes\o SuitdblRiph LRI BARlc LIASERMK AR Ai8RSnclude 1,2-

trimet hyl ol butane, suitable tétraols Inc e pentaeryt

ditrimethyl ol pr ne di, gl y. o] i trinmethylol et hane.. Exanpl es of
ar onat i Ce%ﬁgﬁ%dgﬁlﬁg 'WQB?‘}?S%AT f‘i?'@atﬁ{’e‘f}a'g1%9%#’%‘?‘%#@0@%"386%%(1 to an
aromatic rjng include 1,3,5-trihydroxybenzene, |, 4- xylyl enedi nethanol, and
| - phenyl pofy}gtaéﬂifaﬁm,cdlmethwlmaaﬁﬂ BROPSRLyiePaRs b PEPE bR e 1aci d conpound
havi ng at | east two hydroxyl groups in which the carbon atom adjacent to
t he car berypangholp,2-mropartedial.i lg3-puraedioln dethyheneighalolidebettilent glykell pr opi oni ¢
acid, a, a-bis(hydroxynethyl)vutyric acid, a, a, a-
tri s(hydpeyiidisle)Rerdiprogeh gl?@ol,alrighﬁ)(yl&ﬁ@ oREBITBAN b BRIPIIehE ofiebd, and a,
a- bi s(hydroxynet hyl)propionic acid. By using this typeé o? nonocar boxyl i c
acid co 1 Ry t £kl Il ,
cnabl | g farhexafeinehaf £l 1P CRRIRAES S AR R AR PR RRREEREER | o
preferably,us uri ng,.t he production of the above multibranched polyner,
and suitéﬂvgngg%ﬂfﬁﬁgga?bthis catal yst include organotin conpounds such as
dial kyltin oxides, hal oqgenated dial kyltin, dialkyltin biscarboxyl ates, or
st annoxane, 1@""‘@Pk&ﬂ§§‘§%b§t}€ﬁ]3a§dt‘@ EiRYelpranapd dximethyipdetbangani ¢ sul f oni c
acids such as Lewis acid and paratol uenesul fonic acid.

trimethylolbutane, glycerol, and 1,2,5-hexanetriol.

10 Examples of suitable tetraols include pentaerythritol, ditrimethylolpropane,
diglycerol, and ditrimethylolethane.

Examples of aromatic compounds having at least two hydroxyl groups bonded to
an aromatic ring include 1,3,5-trihydroxybenzene, 1,4-xylylenedimethanol, and 1-phenyl-
1,2-ethanediol.

15 Examples of the monocarboxylic acid compound having at least two hydroxyl
groups in which the carbon atom adjacent to the carboxyl group is a tertiary carbon atom
include dimethylolpropionic acid, o, a-bis(hydroxymethyl)butyric acid, o, o, a-
tristhydroxymethyl)acetic acid, o, a-bis(hydroxymethyl)valeric acid, and o, a-
bis(hydroxymethyl)propionic acid. By using this type of monocarboxylic acid compound,

20  the ester decomposition reaction can be suppressed, enabling formation of a
multibranched polyester polyol.

A catalyst is preferably used during the production of the above multibranched
polymer, and suitable examples of this catalyst include organotin compounds such as

dialkyltin oxides, halogenated dialkyltin, dialkyltin biscarboxylates, or stannoxane,



Mul ti branched macronononers having an ether |inkage as the repeating

- structural wunit include structures produced by formng a nultibranched

pol ymer by reacting a 5 conmpound with at |east one hydroxyl group, with a
cyclic ether conmpound having at |east 1®ne hydroxyl group, and subsequently
reacting the term nal hydroxyl groups of this polyner with an unsaturated

aci d suchitafmte3Gu dLteBsthilylQitadiRd RAG bidahic AAbRC a8ds SRAGUENNi€aci§LQHP

contai ning acrylic based conpound, or a hal ogenated nethyl styrenée such as

4- chior . Furthernore an effective process for producing
t he nult?%?%ﬂgﬂtﬁﬁq%ﬁggﬁgher is based on the WIlianmson ether synthesis,

and invol ves reactin conpound having at |east one hydroxyl group, with
a compound co &f'&fﬁﬁ‘gh%a‘iﬂ”mﬁﬁ?‘@e‘ﬁ%Y@ﬁW cthgr bukage ap the rapessing gevctaabm -
OSQ20CH3 or - OS2CH3. The conpound having at | east one hydroxyl group can

utilize UREindvde sowpoesnieductd by foedg abolebradcheSpolynidr yesmtippas of the
cyclic ether conpound having at |east one hydroxyl group include

3- et hy| - Befipyaitdowitivat leydt bax by dogy] glod, SRMXYcylclib eMRAEhporAd I eRE%Y teatt
but anol, and 3, 4-epoxy- | -butanol. The conpound having at |east one

(e Sy ofié RyRokAHol) hdSuldedlenATRaRfE HefiomPHAERAG) ERYUDE iz ® one ©f

t he conpounds descri bed above, hough™ aronati c S havi ng at
ot e Oty BAORERIE e SO 3, B b

| 2" ot haBEPSPTARNE RO Pised s3RIINEG oo NGBS BRI #igt wo or
nore hydroxyl groups, and a hal ogen atom -0OSQ20OCH3 or -0OSQ2CH3 i ncl ude
5- ( br onoR&leFAmethylstysene 3 Fugtheryresty effertian process for producing the multibranched

2- et hyl - 2- (brononet hyl ) - 1, 3- propanedi ol , 2-net hyl - 2- (br onmonet hyl ) -

10 polymer is based on the Williamson ether synthesis, and involves reacting a compound
having at least one hydroxyl group, with a compound comprising two or more hydroxyl
groups, and a halogen atom, -OS0O,OCH;3 or -0S0O,CHa,.

The compound having at least one hydroxy! group can utilize the same compounds
described above.

15 Suitable examples of the cyclic ether compound having at least one hydroxy!
group include 3-ethyl-3-(hydroxymethyl)oxetane, 2,3-epoxy-1-propanol, 2,3-epoxy-1-
butanol, and 3,4-epoxy-1-butanol.

The compound having at least one hydroxyl group used in the Williamson ether
synthesis may utilize one of the compounds described above, although aromatic

20 compounds having at least two hydroxyl groups bonded to the aromatic ring are preferred.
Representative examples of this type of compound include 1,3,5-trihydroxybenzene, 1,4-
xylylenedimethanol, and 1-phenyl-1,2-ethanediol.

Furthermore, examples of the compound comprising two or more hydroxyl groups,

and a halogen atom, -OS0O,0CH; or -OSQ,CHj include 5-(bromomethyl)-1,3-



1, 3- propanedi ol , and 2-(brononet hyl)-2- (hydroxynmethyl)-1, 3-propanediol. A
- catalyst is preferably used during the production of the multibranched

pol ymer descri bed above, and suitable exanples of this catal yst include
BF3 diethyl ether, FSG8H 5 CISGBH, Iand HC O4. Furthernore,

mul ti branched macronononers having an am de |inkage as the repeating

structur aiih}tdﬂbiyl:ieﬁﬁdn'éd?eﬂ{yl-g%icbrnﬁﬁnétﬁbrlm!3§|'5f0f)5}ﬁ3dﬂm ldﬁle{ﬂ-t)’ﬂﬁgl%lﬁ&ﬁ I%P © such

repeating unit via the nitrogen atom and a representati ve exanmp

a structure.. p I PAVAM Dendr.i mer) manuf act ur ed
by Dendr iult’gg ®ﬁé§°‘159%?§rﬁ§%§%mbm‘%?’gyr{‘éﬁh)f@m'?{ai’a%t%-l e bonds

i nt roduced int}ﬁ t he nul t%brﬁ.@cheqc: macr onononer increases, the degree of
branchi ng of thEMAIFYIS BrERRRYGS ﬁ‘}%‘ig,/tﬁléﬂ?épdu HopdctBe muktibsanghed polymer

copol ynerjzation with styrene also increases. The degree of branching (DB)
of the mdessribed abeisd andisvitablaryamplas o8 this catallyet ipeladeBE; dinthghethemFS86;Hdef i ned
by a formula (3) shown bel ow, and this degree of branching (DB) preferably

fall s5 1% I180sH] anddHCHMge from 0.3 to 0.8. DB = (D+L) / (D+T+L) (3)
(wherein, D denotes the nunmber of dendritic units, L denotes the nunber of

linear units, FughemlordSRek®Fanth&l NYIBRbnShels® ??S%aﬂfnhdﬁqﬁ'dg ﬁ)lké% a%erﬂfehval ues of

D, L and T described above can be determ ne e activ yl ene

roups, : . ry,.tertiary and,guaternary carbon atons,
or "Fhe AEpeabhE AT SuiPlncRAE RIS i hich e arRS ik HeJ5E e Sesitir | vea
fromreaction of such nethyl ene groups, as neasured by 13C-NVR For

exanpl e, PG PEIHEIRSR af‘lf“ﬂﬁ]g aFBPIf € GKaTPI5106 By A SNSRI 1§ the BRPdUdr t he

nunber of tertiary nit ro%en atonms, L 14
Generation 2.0 (a PAMAM Dendrimer) manufactured by Dendritech Inc.

10 As the number of branch terminal double bonds introduced into the multibranched
macromonomer increases, the degree of branching of the multibranched polystyrene
produced through a copolymerization with styrene also increases. The degree of
branching (DB) of the multibranched macromonomer used in the present invention is
defined by a formula (3) shown below, and this degree of branching (DB) preferably falls

15 within a range from 0.3 to 0.8.

DB = (D+L)/ (D+T+L) (3)
(wherein, D denotes the number of dendritic units, L denotes the number of linear units,
and T denotes the number of terminal units)

20

The values of D, L and T described above can be determined from the active
methylene groups, and the numbers of secondary, tertiary and quaternary carbon atoms, or
the numbers of primary, secondary and tertiary nitrogen atoms derived from reaction of
such methylene groups, as measured by “C-NMR. For example, D corresponds to the

25  number of quaternary carbon atoms or the number of tertiary nitrogen atoms, L



corresponds to the nunber of tertiary carbon atons or the nunber of

- secondary nitrogen atons, and T corresponds to the nunber of secondary
carbon atons or the nunber of primary nitrogen atons. In order to control
t he wei ght average nol ecul ar wei ght of i4he nulti branched 5 pol ystyrene to a
val ue of 10, 000,000 or less, the weight average nol ecul ar wei ght of the

nul ti br areRehoRBEIoAHD AGRHBE! dﬁéi‘ﬁaia&a"rlﬁlﬁ] 6188 8 tthe NOMBBL SR cdrRlaPY ﬁir%én
within a range from 1000 to 15 and even nore preferably from 2000 to

5000. Thg do%gaaﬁa eofis Al lgelht?gg&gepm@@&dq c%%(g.yatér%s@ th%r t' & ring

i ntroduc the ranc nmacr ormn er ab h| n a
range from0.1 li nols, 10 and even nore preferablyfromOSto
3.5 mll Prlmﬂr}émtrﬁan itoﬁ’sof the multibranched nmacrononomer. If this quantity
is less than 0.1 mlli mols, producing a high nolecular weight

mul ti br anched Iperdes to/eantie] he weight aNerdgecuoleculawsightofitic mhkibgnehed t v
exceeds 5.5 mllinols, the nolecular weight of the multibranched

pol ys§ yr enbysiynaredaasaled 4900009 or Bys,phe woighi ierigeamibleduddrane giiti @rird
mul ti branched macronmononer with styrene, a 15 styrene resin conposition of

the presanfitibrad@Rl inMerémiotitha & in 150 PRSé if\nfod] fhinHahddr anched
pol ystyrene1 whi ch isra (():opo ymermof Fﬁé mﬂl tlnbransﬁed r&?or#ﬁ]norz}ﬁe é and

styrene, ﬁ%f}ﬂl@od to1300P Y SH LERE phebthuty Sy Y60 Blsgpbe Same L1 me. Known

styrene po meri zation’ processes or 't pol yneri zati on
lar restricti.ons on the

ti h th
Lgﬁgrr{e?r] zat i oﬁﬂsﬁgwﬁgﬁ *ﬁeg daﬁwéifﬁq‘[l IRGHY 19 3 pIGMati (A dRfEqdyRed into

pol ymeri zation_or solution polynerization are preferred. Thermal
pol yner i fermulibrasherbmaenagaeser, iswrefpobly withing rangsdramdrli tesk § milliimelsi at or
but the use of a typical radical polynerization initiator is preferred.
Fur t hér nendevenpodrermrefemdly romdlkid 3.amillamelst perrlegiof the chubybrhddbhed
pol ymeri zation such as suspension agents or enulsifiers can utilize
convent i aR@toniGiofidr Al SthisSREntity i Yadk €tin DN HM618NR oMicREE hipAMolecular
weight multibranched polystyrene becomes difficult, whereas if the quantity exceeds 5.5
millimols, the molecular weight of the multibranched polystyrene increases excessively.
By polymerizing an aforementioned multibranched macromonomer with styrene, a
15 styrene resin composition of the present invention is obtained, comprising a mixture of a
multibranched polystyrene, which is a copolymer of the multibranched macromonomer
and styrene, and a linear polystyrene that is given at the same time.
Known styrene polymerization processes can be used for the polymerization
reaction. Although there are not particular restrictions on the polymerization system used,
20 bulk polymerization, suspension polymerization or solution polymerization are preferred.
Thermal polymerization can be conducted, without using a polymerization initiator, but
the use of a typical radical polymerization initiator is preferred. Furthermore,
polymerization auxiliary agents required by the polymerization such as suspension agents

or emulsifiers can utilize conventional materials used in typical polystyrene production

25  processes.



25 processes. 15 The concentration of the multibranched nmacronononmer based
- on the total anount of the multibranched nacronononer and the styrene is
preferably within a range from50 ppmto 1% and even nore preferably from
100 to 2000 ppm |If the proportion of the nmultibranched nmacronononer is

| ess than 50 ppm then the effects of the present 5 invention are not

mani f est ed adqyuabRlevitrativh Ot Hubiliahched nalFim R ne 824d bf thd¥@tdl 8ABLAON
systemto |lower the viscosity of the reactants in the polynerization

react one ad GRIRLES Aok ARk ﬂeaagpené% ek LOBRSnLOhYE

et hyl benzeng, Eene acet

di chl orobenzene, anisole, cya 0 ene, yl for n1de

N, N- di nePPt‘}‘Itarcle/'es guen mogs IR ﬂerixff l&oﬁw {l‘gpﬂﬂe PEAPOTORAfyhs n ¢ hose
cases where the amount of the nultlbranched macronononer is large, from
t he vi ewpuiltibrandhed mprsraseiomsr deleat them 50 ppmethes gheofffeats afthyapriesens ol vent s

preferred. Adding an organic sol vent enables t he anbunt of the

mul ti Hr appieadon ARG0ORTANTEREd slilRgedtelyed above to be increased narkedly
wi t hout any danger of gelation . 15 There are not particular restrictions

on the radicaly Ipaka{rgsga%@ﬁti b ddedtcPthe YL Hon sy%ﬂﬁin m&gv%piﬂembsmferl al's

are suitable, 1nc I ng peroXyketals such as 1,
but yl per gx cl.ohexane, 2 2- . Di sé 0
> 2ol o PoERiERE I Beuarsrsigh %% b e r %h'?% asalue s ch as
cunene hydr erOX|de nd t- g dro erOX|de & eroxi des such as
di - t - but Al BliFee byl Qs S RREnTe Boede. ¢ #Zﬁa oxi de; di acyl
per oxi des such as benzoyl perOX|de and di ci nnano erOX|de per oxyesters
such as dichlargbengensy ryiselazeyanebengene; disathylfosma x%/n Iptdimethaltaeetameiet - but y|
per oxyi sopropyl nonocar bonate; and N, N -azobi si sobutyronitrile, N, N " -
10 and methyl ethyl ketone.
Particularly in those cases where the amount of the multibranched macromonomer
is large, from the viewpoint of suppressing gelation , the use of an organic solvent is
preferred. Adding an organic solvent enables the amount of the multibranched
macromonomer described above to be increased markedly without any danger of gelation .
15 There are not particular restrictions on the radical polymerizatton initiator used,
and conventional materials are suitable, including peroxyketals such as 1,1-bis(t-
butylperoxy)cyclohexane, 2,2-bis(t-butylperoxy)butane and 2,2-bis(4,4-di-t-
butylperoxycyclohexyl)propane; hydroperoxides such as cumene hydroperoxide, and t-
butyl hydroperoxide; dialkyl peroxides such as di-t-butyl peroxide, dicumyl peroxide and
20  di-t-hexylperoxide; diacyl peroxides such as benzoyl peroxide and dicinnamoyl peroxide;
peroxyesters such as t-butyl peroxybenzoate, di-t-butyl peroxyisophthalate and t-butyl
peroxyisopropylmonocarbonate; and N,N'-azobisisobutyronitrile, N,N'-

azobis(cyclohexane-1-carbonitrile), N,N'-azobis(2-methylbutyronitrile), N,N'-azobis(2,4-

dimethylvaleronitrile), and N,N'-azobis[2-(hydroxymethyl)propionitrile]. These



azobi s(cycl ohexane- | -carbonitrile), N, N -azobis(2-nethylbutyronitrile
), N N -azobis(2,4- dinethylvaleronitrile), and N, N -azobi s[ 2-

(hydroxymnet hyl )propionitrile]. These 16 polynerization initiators can be
used singularly, or in conbinations of léwo or nore conpounds. |In addition,
a chain transfer agent may al so be added to ensure that the nol ecul ar

wel ght. OfpolyfGerizbtis PGS ct 60 TRASHLRIIBER SRIbIRACATET MRG0l oh. The
chain transfer 5 agent may utilize either a nonofunctional chain transfer

agent ha%bB odM& chain transfer group, or a nultifunctional chain transfer
agent having a plurality of chain transfer groups. Exanples of suitable

nonof uncti onal, chai.n transfer agents include al kyl mercaptans and
t hi ogl ycol at e l’ééil‘gf"gl?’ %%ﬁ-}?p‘l""é@?%?g%rﬁi“ia@‘(tﬂl@ dded thresixsiibat thmolechlaanst er

agents include conpounds in 10 which the hydroxyl groups of a polyhydric
al cohol sveight @€ thetstyreesessigl opolositinr dpesmof becagheyexerly ligli. mBltenghao tramsfeane,
pentaerythritol, dipentaerythritol, tripentaerythritol or sorbitol have

under §onagastngdyi dtlizatkeithér avnbioféndtidanl dhainagdngfed hiént 8Vidg Ohe chain transfer
3-nmercaptopropionic acid. In addition to the process described above for

produci ngraupsbys fiGifuR&Idhal OB ais&“ér%g%rﬁfhahﬂg i toflcAYiRMahQBr gﬂggpsa

singl e sttage pol ynerization of a nultibranc cronononer
styrene, t yrepe . in.c sitign.wth.a desired ,ratio between
11 br ARSI St arTRAE b it abibe ek g e luced by
synt hesi Ln& the |inear polystyrene and the nultibranched pol ystyrene
separateﬁy? YFRIEKESyi xi ng the two together. In a styrene resin
conposition of the present invention, because the multibranched 20
pol ystyrene akdamptes|of geitableyphlidunatiend chaia tianster agepprdnslude eorpatindeth
together uniformy at the nolecular |evel and entangle together, in
f ol difhg twdseisthahgdiolvgl grokes oftaylyiompio alcohelsuch as ethylene glycol, neopentyl
glycol, timethylolpropane, pentaerythritol, dipentaerythritol, tripentaerythritol or sorbitol
have undergone esterification with either thioglycolic acid or 3-mercaptopropionic acid.
In addition to the process described above for producing a styrene resin
composition of the present invention via a single stage polymerization of a multibranched
15  macromonomer and styrene, a styrene resin composition with a desired ratio between a
multibranched polystyrene and a linear polystyrene may also be produced by synthesizing
the linear polystyrene and the multibranched polystyrene separately, and then mixing the
two together.
In a styrene resin composition of the present invention, because the multibranched
20 polystyrene and the linear polystyrene are interdispersed and mixed together uniformly at
the molecular level and entangle together, in folding tests and the like, the composition
exhibits a superior level of folding endurance than has previously been possible with
conventional linear polystyrenes. In terms of achieving a resin composition in which the

multibranched polystyrene and the linear polystyrene are interdispersed and mixed

25  together uniformly at the molecular level, a single stage polymerization of a



exhibits a superior level of folding endurance than has previously been
- possible with conventional |inear polystyrenes. In terns of achieving a
resin conmposition in which the multibranched pol ystyrene and the |inear
pol ystyrene are interdi spersed and m xEd 25 together uniformy at the
nol ecul ar level, a single stage polynerization of a 17 nultibranched

MBCT ONON GEbrAAthed hHcfitorioid bR gﬁt&@ lpgleferteh%veme gﬁ&efﬂnwm separately

prepared polynmers of a multibranched pol ystyrene an I near pol ystyrene

Cer s of ﬂ}ﬁaiib'r‘e hred Ry RkERE] L AGRah Ptﬁ)%br%%'tﬁ%ﬁra"fns% e EE gt ene

resin composjti of _the present |nvent|on n?asured usi ng gel .

per meat i % 8 Elo gihgsHIEle ftagsgyolymezation geg! FQ/E’G qrfegﬁmth@ﬂotn petion

pol ystyrene appears on the | ow nol ecul ar wei ght side, and a peak derived
f r om t heeffigienchpr anched pol ystyrene appears on the high nol ecul ar wei ght
side, and the ratio of the areas under the two peaks can be used to

det erjri ne t he Wigsinhe hiolee0Rk wRighp of & kg ithe @ésibedrhipositibnl ke Presed@ IwehtydrENes,
and the wei ght average nDIecuIar wei ght of each polystyrene. In order to

ensure tt&%ea%ufetwsﬁl[gege; St ?rmﬂﬁﬁto%%ﬁgp (Gbe?]%rgoo utéavmt, tmmeﬁf oduces

a nol ded product w on a strength suc
fol di ng an xh|b|t t rate and
xcel | ent’&ﬁ%?oes% pefton e TSRO éldﬁbtf?" P SETOREOBAM ho |1 noar
pol ystyren alned W t hin the st resin osition is pically
W thin'a #tﬂ% RO EaPPERTSes tsgugh. et wEighLHIe, 28 dfedgho AbiEcul ar
wei ght of the mul ti branched polystyrene is typically within a range from
1, 000, 00@reapunder 0B0VOGakseeml hsrusté fadhtgmiinotie 2000051 00G! propsItdeg ofd@h | f t he
melght average nol ecul ar wei ght of the nultibranched polystyrene is |ess
t hanl@, 08@¢s @JPolyktyrenes,ahd shcaweighyaverage mytlécudaweight € eachipodysedenasher eas i f
t he nol ecul ar wei ght exceeds
In order to ensure that a styrene resin composition of the present invention

produces a molded product with favorable melt tension and good strength such as folding

endurance, while also exhibiting a high melt mass-flow rate and excellent moldability, the

weight average molecular weight of the linear polystyrene contained within the styrene

15  resin composition is typically within a range from 200,000 to 350,000, and the weight

average molecular weight of the multibranched polystyrene is typically within a range

from 1,000,000 to 10,000,000, and preferably from 2,000,000 to 5,000,000. If the weight

average molecular weight of the multibranched polystyrene is less than 1,000,000 then

satisfactory strength cannot be achieved, whereas if the molecular weight exceeds

20 10,000,000, achieving a favorable level of moldability is impossible.
In addition, the weight average molecular weight of the styrene resin composition
is typically within a range from 250,000 to 700,000, and preferably from 280,000 to

500,000. Furthermore, the weight ratio between the linear polystyrene and the

multibranched polystyrene within the resin composition, is preferably within a linear




20 10, 000, 000, achieving a favorable |evel of noldability is inpossible. In
- addition, the weight average nol ecul ar weight of the styrene resin
conposition is typically within a range from 250,000 to 700, 000, and
preferably from 280,000 to 500,000. Fu8thernore, the weight ratio between
the linear polystyrene and the nultibranched polystyrene within the resin

CoNMposi t ifdRsstyrénel rrﬁﬁlﬁb?aﬁb%d"}io‘]ﬁ'tﬁel?e ljahgkgﬁ{)m]‘ﬁ) 1:0911Y 5595413 evem'Hcﬁ'% branched

pol ystyrene range from 99. 1: to 75: and even nore preferably from

99:1 to §>§ef%1%b1ﬁr§rﬁ3§©el”t% 8rSel|55' n conposi tion of the present invention
Ri é

conprises an u cul ar wei ght nultibranched pol ystyrene not

seen in conventi onal Ilnear pol ystyrenes 5 byt despite the fact that the
styrene resin Acﬁﬂ’rf‘fﬁg TESIHFPTBPOS R q{rﬂré‘*s%rﬁﬁenit HVERE P senimultiadesh a ultra
hi gh nol ecul ar wei ght conponent as this, gelation is effectively

non- exi stedleculareyraghtimgtibtascledmpdishirerenat sednsineasvanyiondl dimeanmdystyremasgani ¢
solvents. The nelt nmass-flow rate of a styrene resin conposition of the

preseft ibavésnbitothe fAatthafthegylehe dsi] @nppiibnpfRvire@nt Meemiintvhtaser age
nol ecul ar wei ght expressed in the 10 forrmula (1), and has a higher nelt

mass- f1 ow,éad ﬁltxralTﬁéh ﬁaofe‘éﬂl‘éﬁ%l f‘@dmﬁdd&ﬁg{s t%% %’/Féthﬁ}‘%f%‘(%}ﬂu&n%m?éﬂ?

vei ght average nolecul ar wel g For nu X €x

X Mv x 1 te the It mass-flow rate andthe
neiont ooaimE i i %msg%dn S A, HURERR SR PRehis ™o v e v ool 1
corrp05|t|on) (T;h ng sflowrate MFR, g/ 10.mn referstothe val ue
measured at 2d@em Haa%s- W 5461958 stytsn re%ﬁ%}&%rt dhe;present Hyepiithod of

JI'S K7210:99. 20 If the MFR of the styrene resin conposition is |ower than
t he val usatisdies thegelationship having the weight average molecular weight expressed in the

10 formula (1), and has a higher melt mass-flow rate than a conventional linear polystyrene

having the same weight average molecular weight.

Formula (1)
MFR (g/10 min) 2 45 x exp(-0.1 x Mw x 107
15  (wherein, MFR and Mw denote the melt mass-flow rate and the weight average molecular

weight respectively for the styrene resin composition)

The melt mass-flow rate (MFR, g/10 min) refers to the value measured at 200°C
under a load of 49 N, in accordance with the method of JIS K7210:99.
20 If the MFR of the styrene resin composition is lower than the value calculated
from the above formula (1), a favorable level of moldability cannot be achieved.
Furthermore, the melt tension (MT), which functions as an indicator of the strength
and moldability of the styrene resin composition of the present invention, satisfies the

relationship with the weight average molecular weight expressed in the formula (2), and is




fromthe above formula (1), a favorable |level of noldability cannot be

- achieved. Furthernore, the nelt tension (M), which functions as an

i ndi cator of the strength and noldability of the styrene resin conposition
of the present invention, satisfies thé? relationship with the weight

aver age nol ecul ar wei ght expressed in the formula (2), and is 19 higher

t han t he highet taaniss @it valsion valuefadvedttionsainehd Pt idtyrend Mﬁﬂ%ﬁ@%arﬁ@w ng the
same wei ght average nol ecul ar weight. Formula (2)"5 MI (g) 0. 07Mwv X

10' +1. 8 (gl alétagdMhofetiaMuefipot e the nelt tension and the weight average
nol ecul ar wei ght “respectively for the styrene resin conposition) The nelt

tension (MI) describes the tensile force during nelting of the resin, and
10 acts as an indicator of the toughness and noldability of the resin. As
the melt tensjion increases, the tensile force on nelting of the resin

i ncr easeg,or‘EWélgE) ng the production speed during extrusion nolding to be
increased. The nelt tension (M) values reported in the present invention
wer e Sreasur ed MTi§g)ig087wpkriodrape (type 1B, manufactured by Toyo Sei Ki
Sei saku-sho, Ltd.), and refer 15 to values MI (g) neasured with a

capil |l ar e ' t . a .barr.e
di Bnet or Y‘i’%reigf N thd Wby aehoRONEA e S0RIT R sllghy é" e BOBUBAEEN o wni cn
yi el ds aegeégﬁvvi slpo&it&,for the sanpl.e of 1300 Pa- s, and with a strand

t aki ng- of PPEREEY SF e TRIGASHT COMPOSIHANT of the styrene resin conposition
is lower than the value calculated fromthe above formula (2), then the

t oughness and the noldability of the resin 20 conposition tend to
deteriorate. A styrene resin conposition of the present invention
conprising a rhenidhirtensiére@MT) describes the tensile force during melting of the resin, and

10 acts as an indicator of the toughness and moldability of the resin. As the melt tension
increases, the tensile force on melting of the resin increases, enabling the production speed
during extrusion molding to be increased.

The melt tension (MT) values reported in the present invention were measured
using a Capirograph (type 1B, manufactured by Toyo Seiki Seisaku-sho, Ltd.), and refer

15 to values MT (g) measured with a capillary of length (L) 50.80 mm and diameter (D) 1.27
mm, a barrel diameter (B) of 9.55 mm and a shear rate of 60 m/s, at a temperature which
yields a melt viscosity for the sample of 1300 Pa- s, and with a strand taking-off speed of
20 m/min. If the MT of the styrene resin composition is lower than the value calculated
from the above fonnuia (2), then the toughness and the moldability of the resin

20  composition tend to deteriorate.

A styrene resin composition of the present invention comprising a multibranched
polystyrene is of high molecular weight, and yet when compared to a conventional linear
polystyrene having a similar molecular weight, exhibits a higher melt mass-flow rate,
superior fluidity during production and molding of the styrene resin composition, and a

25  superior level of productivity and processability. As a result, the styrene resin



pol ystyrene is of high nol ecul ar weight, and yet when conpared to a

- conventional linear polystyrene having a simlar nolecul ar wei ght,
exhibits a higher nmelt nass-flow rate, superior fluidity during production
and nol ding of the styrene resin conpo&Ption, and a 25 superior |evel of
productivity and processability. As a result, the styrene resin 20

conposi t i @mpebitioN®f fHegresht ind¥Rivnl AR bE RBediB aWSRIEr T4l Uf (84S as | ety of
fields than conventional conpositions, in the production of nol ded

products & : i : . i ¢ ch.as.injection | di ng,

ext r usi oncoﬁrg@é@ ﬁgl,acrovﬁcuiﬁfrgﬁk?’ég?n{eﬂjgr,g&aﬁg?ﬁ %gﬁ@é@eﬁ éocfhﬁs '%?‘@Q?lyg’gi on foam
nol di ng, cal,enderjng and bl ow .nol di met hods. EXAMPLES A The following is
a nore dé‘f@ﬂn&nﬁb@%ﬁuﬁ PO SfIop HE’@%&S%HPS‘PH NGnvasuyB dorgHng afer i es of
exanpl es. The present invention is not restricted by the exanples presented
bel ow. Fibressurieformigasextiuion dpans maldiag rmateoderimgand ewhoaldingmpitodsd. 10 ( GPC
Measur enment Met hod) Hi gh speed |iquid chromat ography (HLC 8220GPC,

manuf &ct ured by Tosoh Corporation)is used, with an Rl detector, using
TSKgel G6000HXx 1 + GBOOOHXx 1 + A000HX | + G3000H 1 + TSKguard

col umH pxXAMBLERHE solvent, a flowrate of 1.0 15 m/mn., and a
tenperature of 40C. Anal ysis of the chromatograph was conducted using a

eparat od usi g cAnhry o Sa3R AeliBE L RRRSPEnt AR TAREASABIEA S A wei g
to be determ ned for both the lLinear polystyrene and the nultibranched
pol yst yr EH&S #ﬁéaﬁ“@%ﬁl ﬁlbe Byegend Nb‘(ﬁﬁt‘?rl‘lpsf'é%lr tjcted by the examplespeesenipd| s
below. First is a description of the measurement methods employed.
10
(GPC Measurement Method)
High speed liquid chromatography (HLC-8220GPC, manufactured by Tosch
Corporation)is used, with an RI detector, using TSKgel G6000Hx1 + G5000Hx1 +
G4000Hx1 + G3000Hx1 + TSKguard columnH x1-H, THF solvent, a flow rate of 1.0
15 ml/min., and a temperature of 40°C.
Analysis of the chromatograph was conducted using a multistation GPC-8020,
enabling the two peaks that appeared to be separated using analysis software, and the
weight average molecular weight to be determined for both the linear polystyrene and the
multibranched polystyrene. The results are shown in Table 1 to Table 3. The labels
20 PIMw and P2Mw in the tables refer to the weight average molecular weight of the linear
polystyrene and the multibranched polystyrene respectively. Furthermore, the weight
average molecular weight of the entire resin composition prior to the separation analysis
of the two peaks is recorded as the overall Mw, and the maximum detected Mw value is

recorded as the maximum Mw.



20 P1 Mv and P2Mwv in the tables refer to the wei ght average nol ecul ar

- weight of the linear polystyrene and the nultibranched pol ystyrene
respectively. Furthernore, the weight average nol ecul ar wei ght of the
entire resin conposition prior to the 8kparation analysis of the two peaks
is recorded as the overall My, and the maxi num detected Mwv value is

recorded as t e Ridiniaibgiph forbn eXAfpke ! i@ BRGWOQ PG, DOrThaMoR¥SHIRI&is2 1S Shown
in FIG 2. The horizontal axis represents the retention tine, and the

ver Ll cal (B RARLA e DK SHLATBL N FRARSRLRFARS oL Shor e

retentiontines represent ecu igure, the
solid line represents the peaks. obtai ned during actual neasure t, and the
5 dashed CPW@”& Qﬁaﬁ‘ésaéﬁlﬁ@e?ﬁeéerﬂ@glégmﬁrrﬁﬂﬁifé’ahgge‘émm@%‘&ﬁ W%H’cshg‘? Q}?al ysis.
The peak at the higher nolecul ar weight side of the chronmatograph

r epr esentiigurds therfiolid line senzpssats thopseks pbtainsd dpring aetnel ménsunomakt, and thee | ower
nol ecul ar wei ght side represents the linear polystyrene (Pl). 10 (NMR

Meas uf e mdlashelitineotprdsemtk sy peagmetinc:dap actsudisefaby/aralysisNIRE paals atied t o
determ ne the quantity of ethyleny double bonds in the nultibranched

Me.CT OMON QifENer mdlul® Svef eird%tiﬂﬁschﬁomﬂag@ﬁm represBRS thellRhItBRINEREG uni t of the
sanple. Furthernore, 1 3C-NWR was used to determ ne the active nethyl ene

2t oms dop yed yiPdEer aid e jREEAORRIcherhBIRMoh APH SR CHELERORE B! 7T, 1 g

t he degree, of bra&/ﬁ_ﬂ ng of the multibranched macronononer. (Melt Mass-Fl ow
Rate Mea®QPSVEHE hod) Measured in accordance with JI'S K7210:99. The

measur enent conditions 20 included a tenperature of 200C and a | oad of 49
N.

10 (NMR Measurement Method)
Nuclear magnetic spectroscopy ('H-NMR) was used to determine the quantity of
cthyleny double bonds in the multibranched macromonomer, and was recorded as a
number of mols per weight unit of the sample. Furthermore, *C-NMR was used to
determine the active methylene groups and the numbers of secondary, tertiary and
15 quaternary carbon atoms derived from reactions of such methylene groups, thereby

determining the degree of branching of the multibranched macromonomer.

(Melt Mass-Flow Rate Measurement Method)
Measured in accordance with JIS K7210:99. The measurement conditions

20  included a temperature of 200°C and a load of 49 N.

(Melt Tension Measurement Method)
The melt tension was determined using a Capirograph (type 1B, manufactured by
Toyo Seiki Seisaku-sho, Ltd.). The capillary of the device used had a length (L) of 50.80

25 mm and a diameter (D) of 1.27 mm, and the MT (g) value was determined with a barrel




(Melt Tension Measurenent Method) The nelt tension was determ ned using a
- Capirograph (type 1 B, manufactured by Toyo Seiki Seisaku-sho, Ltd.). The
capillary of the device used had a length (L) of 50.80 25 mmand a
dianeter (D) of 1.27 mm and the MI (gp2val ue was determned with a barrel
22 dianeter (B) of 9.55 mmand a shear rate of 60 nis, at a tenperature

which yi ¢fiflfetar @lotf 9.3%l ﬁpﬂdtays#}e%{ rﬁfel’b? &ﬁ%%’,l ﬁ rag%]rgé‘e}%rela thcﬁ g}‘%ﬁ%‘r l‘é’ieltt h a

strand taking-o speed of 20 ass ron Tenp

5 canpl o TP e gt (0P el velh £ SR dnen alipe ol g

determ ned using a dynam c viscoelasticity apparatus (DVA, manufactured by
Rheonetrics Ltd.). (Toluene Insoluble Fraction Measurenent Method) 10 A
sanpl e was di ssolved in toluene having a concentration of 1 g/100 m, and

t he i nsqGidss &rdnsamhi TemperdtivierMédsarerehtiMetivdvas separated by centri fuging
at 12,000 rpmfor 30 mnutes. The centrifuged tol uene insoluble fraction

was dsied, they @i ddviBiaGRckNRS of 0B 3SH R prafatkd 6 hRhMBREmIBSA! H‘P‘t&f
To ol u e

fraction was determ ned using the follow ng fornula. uene I ns

fraction (9 AR M4 ] tacthon /. weight .of 15 sanpl e]
x 100 (F %%ﬁran%n ufgg& 824*%&52 re%%#érﬁﬁ%%o%&f mgaiéﬁwﬁf%[laén&%duced by hot
pressing was co tedt(%ashe of thjckness 0.2 mmusing a

si mul t an&BRRARYS gﬁ’:ﬂ’ﬂ}‘ %cttﬁ’ré‘i]gﬁh#@" 55 Hid)-The stretching tenperature was
20 130C, and the stretching nmagnification was set to 2.3-fold in both
directions. A portion of this sheet was used to determ ne the folding

endurance, by neasuring the nunber of folding repetitions required until
rupt ure, (Toluemchscabhledradtion MefSufenghi Method)

10 A sample was dissolved in toluene having a concentration of 1 g/100 ml, and the
insoluble fraction within the solution was separated by centrifuging at 12,000 rpm for 30
minutes. The centnfuged toluene insoluble fraction was dried, the dried weight was
measured, and the toluene insoluble fraction was determined using the following formula.

Toluene insoluble fraction (%) = [weight of dried insoluble fraction / weight of

15 sample] x 100

(Folding endurance Measurement Method)
A molded plate produced by hot pressing was converted to a sheet of thickness 0.2
mm using a simultaneously biaxially stretching machine. The stretching temperature was
20 130°C, and the stretching magnification was set to 2.3-fold in both directions. A portion
of this sheet was used to determine the folding endurance, by measuring the number of

folding repetitions required until rupture, in accordance with JIS P-8115.

(Reference Example 1) Synthesis of a Multibranched Macromonomer (M-m1)



(Reference Exanple 1) Synthesis of a Miultibranched Macronononer (Mm1l) 23
In a 1000 m recovery flask equipped wwth a stirring device, a dropping
funnel, a thernmonmeter, a nitrogen input device and a bubbler, 35 g of
4-brono- di (et hyl eneoxy) phenyl acet oni t 23l e was di ssolved in 800 nl of

di met hyl sul f oxi de (DMBO) under an atnosphere of nitrogen. The fl ask was

pl aced in a welher1086trhl reendroNask dgipped wither tiding SVREY AU BidAdinh@aghed
30C, 66 mM of a 50% aqueous sol ution of sodium hydroxi de was added

dr opwi se.thdifoni@&yh hitRbeMintut B8 itemdS! bbby ﬁ)é 8124-*89 & W th the

tenperature mai ntai ned at 30C, yielding a nu ranched macr onononer

precur sorg: I ddi n 6. .0t .4-chl.Qronet hyl styrene_ in a
dr opwi se dﬁ%%é?n%kj gf)ﬁ ﬁwf}ecg}c/%fan&% W% ‘g?sﬁ’?"&% ”é%go Pﬁ@kg’(’f‘%@xlﬁﬁ% eSMIONg for
a further hour s, sol uytion of a multibranched 10 nacronononer was

f or med. e’fpf}fb%iﬂ’eﬁazfé? ngAesha sThe; flask wag plased inwwater hathsaidi ance thect i on, and
the resulting filtrate was poured into 5 L of nethanol containing 225 n
of a 5§ nohietnahtedipecdtiiertiad reeched 3676, 66 indrof at3064 sfigowy bitiint FHsbai@nt he

mul ti branched macronmononer. The precipitated nultibranched macronmononer

vas {11 { fyebusi9ss AIEH URbwiRN AR hembiER BRI Fh D el ed vater

and net hanol. The obtai ned nmul ti branched nmacronononer was under
r educed e far. 24 IS i.eldin 4 f.,a multibranched
macr onnngérrrgﬁesrg{(‘m %a1nt31{1e(:{\];8§9 u?’e)yr’r%lﬁ{‘lgﬁf'ﬂﬂﬁ’é’ag*&idd@a‘?ﬂ@gn%Frd?fﬁ‘élﬂsm- By
mul ti branched macromononer (Mm 1) showed a wei ght average nol ecul ar
wei ght ofSUBSEAuRIlY addingd: &g p4-chiqrogupthplstyrenssu p drenvtise wenrier torthe redvsibnt he
quantity of introduced double bonds bonded directly to an aromatic ring
was 2. 66 muxiure,apd shiey. comtipuide giremg dbr ofiathen? hgursassolution dfRaheltibRgenddxanpl e
2) Synthesis of a Multibranched Macronononer (M nR)
10 macromonomer was formed.
The product solution was filtered to remove the solid fraction, and the resulting
filtrate was poured into 5 L of methanol containing 225 ml of a 5 mol/L hydrochloric acid
solution, thereby precipitating the multibranched macromonomer. The precipitated
multibranched macromonomer was filtered under suction, and washed 3 times each with
15 distilled water and methanol. The obtained multibranched macromonomer was dried
under reduced pressure for 24 hours, yielding 24 g of a multibranched macromonomer
(M-m1l).
Measurement by GPC of the thus obtained multibranched macromonomer (M-m1)
showed a weight average molecular weight of 11,000. Furthermore, 'H-NMR

20 measurements confirmed that the quantity of introduced double bonds bonded directly to

an aromatic ring was 2.66 millimols/g. The degree of branching was 0.6,

(Reference Example 2) Synthesis of a Multibranched Macromonomer (M-m32)
With the exception of replacing the 4-bromodi(ethyleneoxy)phenylacetonitrile

25  from the reference example 1 with 4-tosyloxydi(ethyleneoxy)phenylacetonitrile, synthesis



Wth the exception of replacing the 4-bronodi

- (et hyl eneoxy) phenyl acetonitrile 25 fromthe reference exanple 1 with

4-t osyl oxydi ( et hyl eneoxy) phenyl acetonitrile, synthesis 24 was conducted
in the sane manner as the reference exahple 1, and yielded 25 g of a

mul ti branched macronmononer (M nR). The wei ght average nol ecul ar wei ght of

Ejrggsuflre?mwr%g goméuﬁ?)éagé tﬁaﬁg t ﬁe aﬂg%??@*é lgg]éélfr%ndj\é?z’/e dggeg%idei%%lp@s bondled
i . i i .04 mlli . (R Ex 3
syt hes, DGO DR RS RERER (P e B W i SN SRS on of

replacing the 66 m of the 50% aqueous solution qf sodium hydroxide from
the ref ePEuet repkibmnshed mpermmenempy (M) vasse830aqHNVR mspawrémentsHf 10

sodi um hydroxi de, synthesis was conducted in the same nmanner as the

r ef er encehm@xaintiaethejuantity of iiretadecePdubledfonds buitded iiraathetnraematioricgre r
(MnB). The weight average nvolecular weight of the product multibranched
nacroyonwggg,o@%ﬂpﬁ}w]@%s 7,000. 1H NMR neasurenents showed that the
gquantity of introduced doubl e bonds bonded directly to an aromatic ring
was 1.84 mllinols/g. 15 (Reference Exanple 4) Synthesis of a Miltibranched
Macr onononer (Mm) (Synthesis of a Miultibranched Pol yether Polyol 1) A 2

liter fl equi pped W stirre t her ter, a dropping funnel and a
condensefﬁ%};ﬁg?gftehgllE e\%} EVI‘%%S.‘%OIIQE %‘Plt&fﬂﬁi@%@mé W‘? 'ﬁh tol (5

nol - et hyl ene oxide 20 adduct of pentaerythritol) and 1 of BF3 di et hyl

et her sol uti oNVitlothe sEeention of tapdpsing the /P md 9b dieat%e aquesnsisalpénmsof sedidm he

m xture was then heated to 110C. 450 g of 3-ethyl-3- (hydroxymnethyl)oxetane
was t henhpdtdede $toowthg refesncae@snpte duwith é mled theni{l% equdoes hdation of

10 sodium hydroxide, synthesis was conducted in the same manner as the reference example
2, and yielded 29 g of a multibranched macromonomer (M-m3). The weight average
molecular weight of the product multibranched macromonomer (M-m3) was 7,000. 'H-
NMR measurements showed that the quantity of introduced double bonds bonded directly
to an aromatic ring was 1.84 millimols/g.

15
(Reference Example 4) Synthesis of a Multibranched Macromonomer (M-m4)

(Synthesis of a Multibranched Polyether Polyol 1)
A 2 liter flask equipped with a stirrer, a thermometer, a dropping funnel and a
condenser was charged with 50.5 g of ethoxylated pentaerythritol (5 mol-ethylene oxide

20 adduct of pentaerythritol) and 1 g of BF; diethyl ether solution (50 percent) under room
temperature conditions, and the mixture was then heated to 110°C. 450 g of 3-ethyl-3-
(hydroxymethyl)oxetane was then added slowly over a 35 minute period, while the heat
given by the reaction was controlled. Once the reaction heat had subsided, the reaction
mixture was heated with stirring for a further 3.5 hours at 120°C, and then cooled to room

25  temperature.



gi ven by the reaction was controlled. Once the reaction heat had subsi ded,
-the reaction mxture was heated with stirring for a further 3.5 hours at
120C, and then cooled to room 25 tenperature. 25 The wei ght average

nmol ecul ar wei ght of the product multib2anched pol yet her pol yol was 3,500,
and the hydroxyl value was 510. (Synthesis of a Miltibranched Pol yet her

wi th Met hacr ylI Thel wagRuRerage thofscalar well UP the brodudt meRHraRed Fé@@ﬂheleqm pped

with a stirrer, a thernoneter, a Dean-Stark decanter 5 containing a

condense:poggjlrll%g?3%§ metggg%&}ggyl%ﬁec\p%rﬂ%q with 50 g of the nultibranched

pol yet he prepar ove in the (synthesis of a nultibranched

pol yet her,_pol yol 3.8 f thacrylic acid, 150 g of tqluene, 0.06 g
of hydrocﬁﬁ?‘?’rh%/ﬁés, O%ulultﬁmwgd Ba'rygﬁe{ W@hé@?}ﬁ?‘iﬁﬂ% graenscndAeetyl gEoups 1) ur e was
stirred under nornmal pressure conditions and heated, while nitrogen gas
cont ai ni ng 7%/orepgeen vesseltggbippediwith asticrar, ikermioxeter]1©Dsai-Gtarlodecanten rat e of
3 mM/mnute. The | evel of heating was adjusted so that the vol une of

di sti bl atcentiMigg 4 bendehser dadangas inlepabS Wag clpegedoidi 50 ard theahitibeanoRs
continued until the dewatering quantity reached 2.9 g. Foll ow ng

conpl eti ¢R1yRthet B@lyb?ﬁx‘ébﬁr@él? abda&n me?%&ﬁ{tﬁes‘l‘.@?f acrﬁﬁiti%fiancﬁ%%lféthé}%ﬁ}io? ] ;‘h <t ure

anhydride and 5.77°g of sulfam c acid were added, and esulting

was stirr r ! lbb(%equ nt .the m xture was washed 4
times w tlﬁ%ggmgargr%r&gg le#i ’ gscgéﬁtgtguﬁeeggs 'sogﬂf %‘iﬁg%‘?""é‘gd?‘tﬂﬁ ﬁ)? roxide to
renove an rqsi dua]I acet.i.c ch%j and h dr,ogai none, and then washed once
with 50 olyenesplionieacid: and|ths moHursrwas ifgd pades apgmal prpsguReGOBEIURRS h 50 g
sanpl es of water. 0.02 g of nethoqui none was added to the thus obtained

or gani ¢ [3Addeatedywhilerpitragangan contaiginghBh oxpgar e huhbled threugle 8¢ mixedsur e
while 20 7% oxygen gas was passed through the system thereby yielding 60 g
of alfrul sblwtiametwedhte of 3 ml/minute. The level of heating was adjusted so that the volume of

distillate entering the decanter was 30 g per hour, and heating was continued until the
dewatering quantity reached 2.9 g.
Following completion of the reaction, the mixture was cooled, 36 g of acetic
anhydride and 5.7 g of sulfamic acid were added, and the resulting mixture was stirred for
15 10 hours at 60°C. Subsequently, the mixture was washed 4 times with 50 g samples of a
5% aqueous solution of sodium hydroxide to remove any residual acetic acid and
hydroquinone, and then washed once with 50 g of a 1% aqueous solution of sulfuric acid,
and twice with 50 g samples of water. 0.02 g of methoquinone was added to the thus
obtained organic phase, and the solvent was then removed under reduced pressure while
20 7% oxygen gas was passed through the system, thereby yielding 60 g of a multibranched
polyether containing isopropenyl groups and acetyl groups. The weight average
molecular weight of the thus obtained multibranched polyether was 4500, and the degree
of incorporation of isopropenyl groups and acetyl groups into the multibranched polyether
polyol was 35% and 60% respectively.

25



pol yet her contai ni ng i sopropenyl groups and acetyl groups. The wei ght

- average nol ecular weight of the thus obtained nultibranched pol yether was
4500, and the degree of incorporation of isopropenyl groups and acetyl
groups into the multibranched pol yet hets pol yol was 35% and 60%
respectively. 25 26 (Reference Exanple 5) Synthesis of a Miltibranched

MaCT OmDN eRE M Fﬁ%%l&% @%Eﬁg&@ ofPE Mudbth A dHRE ﬁlﬁ‘&?&ﬂoﬁo‘?ﬁd&&Wﬁ{sg"“ th Styryl

groups a cety reaction vessel equl ppe stirrer, a
condenser.,cont ai ni 2 drying_t.ub a.. droppi ng funnel , ;and a.t hernoneter
was char ?ﬁﬁsfsrPr}J@gg‘Bﬁ’@far%éh%‘QWVFtSB[r‘é{ﬁ]& Sgﬂﬁﬁ?%aﬁgﬁce% gfﬂf)’lp%ls pr epar ed
above in the (synthesis of a nultibranched pol yether polyol 1), 100 g of
t et r ahydr of ur #nieagtinn vessel gawippedbwith mstirers p gendeasrs contaimnge drengvabe.t i rred
at room tenperature. 26.7 g of 4-chloronmethyl styrene was added dropw se

to the rdoppimgfusyd; ana theenometpewaochaededovieh 5bgof themsltiancledpolyetigr
reaction mxture was then stirred for a further 4 hours at 50'C. 10

Fol | ogv ngolRIMprlephre®Ab&Ve ih e (s§aREdi OB a MORibMNthéd Solyatfie &), 134 ghrof

acetic anhydride and 5.4 g o? sul fam c acid were added, ‘and the Tresulting

m xture Y%stcﬂl}?&ljowrgtg 08143 v%gf %})%rﬁ h?%rcif%gg%i the RS RO GAL %t r(raedtzn?o

t et rahydr an was reno pressure, resulti ng m xture
was dissglved in % | uene,. and the toqluene solution was washed 4
s w (IR 2] Sef behBranp iy sEie v ra R oBME sits ey aR YR to 15
remove any residual acetic acid, and then washed once with 50 g of a 1%
aqueous 9§¥¢nAPEEIPd afone heyr, apdthy sesyltingTgactinn srixiyre wasthep simeshios & fethspat er .
The sol vent was then renoved fromthe organi c phase under reduced
pressured houslaiSAYC.70 g of a nul ti branched pol yet her containing styryl
groups and acetyl groups. The wei ght average nol ecul ar wei ght of the
10 Following completion of the reaction, the mixture was cooled, 34 g of acetic
anhydride and 5.4 g of sulfamic acid were added, and the resulting mixture was stirred for
10 hours at 60°C. Subsequently, the tetrahydrofuran was removed under reduced pressure,
the resulting mixture was dissolved in 150 g of toluene, and the toluene solution was
washed 4 times with 50 g samples of a 5% aqueous solution of sodium hydroxide to
15 remove any residual acetic acid, and then washed once with 50 g of a 1% aqueous solution
of sulfuric acid, and twice with 50 g samples of water. The solvent was then removed
from the organic phase under reduced pressure, yielding 70 g of a multibranched polyether
containing styryl groups and acetyl groups. The weight average molecular weight of the
thus obtained multibranched polyether was 5300, and the degree of incorporation of styryl

20 groups and acetyl groups into the multibranched polyether polyol was 40% and 55%

respectively.

(Reference Example 6) Synthesis of a Multibranched Macromonomer (M-m6)

(Synthesis of a PAMAM Dendrimer with Styryl groups)




t hus obtai ned mul ti branched pol yet her was 5300, and the degree of

- incorporation of styry | 20 groups and acetyl groups into the multibranched
pol yet her pol yol was 40% and 55% respectively. (Reference Exanple 6)
Synthesis of a Miltibranched Macrononod@r (M n6) (Synthesis of a PAVAM
Dendrimer with Styryl groups) 27 A reaction vessel equipped with a

stirrer, a conslesgdon eessélaeiqmpge(i ¥ithraystingr, ladefderRe e ARRAIAE afdl‘flﬂgltube?@d a
t hernoneter was charged with 50 g of a nethanol solution (20% ~by wei ght)

f ' . 0
O i P SRHRAEINIAEL, ahPh lRbmBRTRCERRLAT WAR 55 pbr TRANIASLLESh Dioc

Dendritech I'ncy), constant st nol “was r

under reduced e s ubsequent |y, 50 of t.etrahydrofuran and 2.6 g
of finel yp%ﬂﬁ%? §Ea§§M§M E‘?ﬂ rlﬂ%&fﬁ??%ﬂé n@@ng&Ef&EB‘} Ein ap ct,ug;Ethyti ng

m xture was stirred at roomtenperature. 7.2 g of 4-chloromethyl styrene
was t hen Readetechdophiand Wit conslantstisning thesyethannl sxas remoysdrunder rsfluced

m nutes, and the resulting reaction mxture was then stirred for a further
4 houbs guresSQ€. SEbbdqownthy 56 grfltetahgdrodirat hed 2.6aodfifinrely pdvedemddpotisiuggs

cool ed, and follow ng 10 renoval of the solid matter by filtration, the

t et r ahy dingfiroxade Were aH@sm uhdl tHeneRiltinEANGSd wRSBREA EG oot 1BhPeRtird 47.9 o 2
PAMAM dendri nmer containing styryl groups. The styry group contentg of the

I

product degys i iRt Wk é&/f 'ﬁ%ﬁ’ﬁ‘ e - Synthesi s
of a Multi rar?c e rgﬁ%%oag})ﬂﬁérag?ﬁ%?@%t %r{%@glﬁgyo ggkﬁﬁ@rg) é’géﬂed
Pol yet her .Pol yol with Styryl groups and ety] grou 2) A light shielded
react i on "WBYE Iané\gfb%f?ﬁ t'\égil"r?icﬁ?rb@’é’ﬁ“’éee‘ﬁ?sﬁﬁﬂ’ éﬁ’&%éahﬁg) ?ﬂ-}:&@&r fibows gt S&G.rrer, a
condenser, a li glht _shi el ded dropping funnel and a thernoneter was charged
with 0.5 g offodawng eurplatiad & -the feagtiomn shebexhen aas 260lgd,aind folf@asisg um
carbonate, 2.7 g of 18- crown-6, and 180 g of acetone under a stream of
ni t r dgen reraochl wif the solid nmattet biy @ltration, the tetrahydrofuran was removed under reduced

pressure, yielding 14 g of a PAMAM dendrimer containing styryl groups. The styryl

group content of the product dendrimer was 3.0 millimols/gram.

(Reference Example 7) Synthesis of a Multibranched Macromonomer (M-m?7)
15 (Synthesis of a Multibranched Polyether Polyol with Styryl groups and Acetyl groups 2)
A light shielded reaction vessel capable of nitrogen sealing and equipped with a
stirrer, a condenser, a light shielded dropping funnel and a thermometer was charged with
0.5 g of anhydrous 1,3,5-trihydroxybenzene, 29 g of potassium carbonate, 2.7 g of 18-
crown-6, and 180 g of acetone under a stream of nitrogen, and with the mixture
20 undergoing constant stirring, a solution comprising 21.7 g of 5-(bromomethyl)-1,3-
dihydroxybenzene and 180 g of acetone was added dropwise over a period of 3 hours.
The mixture was heated and refluxed with continuous stirring until the 5-(bromomethyl)-
1,3-dihydroxybenzene had been eliminated.
Subsequently, 10.3 g of 4-chloromethylstyrene was added, and heated and refluxed

25  under constant stirring was continued until the 4-chloromethylstyrene had been eliminated.



20 undergoi ng constant stirring, a solution conprising 21.7 g of

+ 5-(brononet hyl ) -1, 3- di hydr oxybenzene and 180 g of acetone was added
dropwi se over a period of 3 hours. The m xture was heated and refl uxed
with continuous stirring until the 5-(B§ononethyl)- 1, 3-di hydroxybenzene
had been elim nated. Subsequently, 10.3 g of 4-chl oronethyl styrene was

added, amd; dfertedamydridebhd8 6 ofA0lfnetedcic MBRIAET addel kd (HRGea¥@Sn Gkt ued
until the 4-chl oronet hyl styrene had been elimnated. 28 4 g of acetic

anhydr i d%@%ﬂg@wﬂ.c@ﬁtiﬁ}gdfcﬁm'rﬁ }ﬁgde ﬂ)o‘ﬁf"{eﬁi heteatgRs iy tcégrr]%‘(g gfeﬁsﬁ)gg n

m xture, and stirring was cont overni ght at roo

Fol | owi n 0l i the solid npatter | e .reactipn nixture was renoved by
[ tra i oot B resels Flvh e Finpupbly hlifuar Pt advet 868 scvedne
resulting m xture was dissolved in dichloronethane, washed 5 3 tines with
wat er, anBderdedused prespure The Frsuliggamixbie Was dissrdvediadechleromstbiase washetexane
to precipitate the nmultibranched pol yether. This precipitate was filtered
and dfi ed,timgsieitllivatgr,lahdghedichlommdthreanbhied veslthertddded praipyide t6 hatameni ng
styryl groups and acetyl groups. The wei ght average nol ecul ar wei ght was

4050, angb pleeipithterihé nﬂltﬂ:hiﬂl&x@d\b@l@éth@ﬁslhi%/gﬁciﬁitbieiv@'fﬁ{e%dadﬁd dHed( Ref erence
Exanpl e 8) Synthesis of a Miulti branched cronmononer (MnB) (Synthesis of

Mul tib R ' I I
ar oups) X ang 4 ErEbEpraChae oL Wit el gt s BBl o06iGH Y
Stirrer BRPEnIPE Sa el Arerad BoBFIAnHFebr AP futy At Re STGRO G donfdp v
oxi de, 1Q0 met hyl net hacryl ate containing i sopropenyl groups as the

g.0f 4 ! :
functi ondl’ GHEWSIYEFM- and 0. 05 g of hydroqui none, and the resul ting
reac&éon

(Reference Example 8) Synthesis of a Multibranched Macromonomer (M-m8)
(Synthests of a Multibranched Polyester Polyol with Methacryloyl groups and Acetyl
groups)
A reaction vessel equipped with a 7% oxygen inlet tube, a thermometer, a Dean-
15  Stark decanter containing a condenser, and a stirrer was charged with 10 g of "Boltorn
H20", 1.25 g of dibutyltin oxide, 100 g of a methy! methacrylate containing isopropenyl
groups as the functional group (B), and 0.05 g of hydroquinone, and the resulting reaction
mixture was heated under stirring while 7% oxygen was bubbled through the mixed
solution at a rate of 3 ml/minute. The level of heating was adjusted so that the volume of
20 distillate entering the decanter was from 15 to 20 g per hour, and the reaction was
continued for 6 hours, during which period the distillate was removed from the decanter
every hour and an equivalent weight of methyl methacrylate was added.
Following completion of the reaction, the methy! methacrylate was removed under
reduced pressure, and 10 g of acetic anhydride and 2 g of sulfamic acid were added and

25  stirred for 10 hours at room temperature to cap any remaining hydroxyl groups. The



m xture was heated under stirring while 7% oxygen was bubbl ed through the

- mxed solution at a rate of 3 M/ mnute. The |evel of heating was adjusted
so that the volunme of 20 distillate enierlng t he decanter was from15 to 20

g per hour, and the reaction was cont %ued for 6 hours, during which

period the distillate was renoved fromthe decanter every hour and an

equi val estifamicghid veds thed renhoves thly ddiraticat andifedloaigesiibsdquihtowinogaledmil et i on of

the reaction, the nmethyl nmethacrylate was renoved under reduced pressure,

and 10 ga@énc%ﬁ%dﬁdeamyaéén@i@a@uﬂdez réuetd prekdiadlitke Reidte Was 8isssid@rinamdy 25
stirred for ours at roomtenperature to cap any remai ni ng hydr oxyl

roups f o foll ow
gubsgquenif| @thélgace ltlé aﬁWSﬂé&afteu}%%Wgﬁgﬁéi §C/{é ‘%'%Bg%:%'o o er rgdug\é\ﬁdng

di | ved th t hed 4
Pl roe i o5 Ty SRt 0TS ove 280kl a@&w&r%%ﬂlﬁoﬁaffysulé@éﬁ um?%' FHie to

renove any reS|duaI hydr oqui none. The resulting product was then 5 washed a
furthér svashedesfupshen? imeg wadiddl samyflesol204% gaesus selahien plowliufic seidf and ¢

acid, and twice with 20 g sanples of water. 0.0045 g of nethoqui none was
added t o twiee with 20 g samplenefivateg ah0 @ SphefSrecthaquindirewsscdddedito thashushen r enoved
under reduced pressure while 7% oxygen gas was passed through the system

t her eby »b@h&ﬁrw%a% phaRE, Mdike §dne RS Bfn reAbYRISIREr Raidedi piésRGreiviiaRr openy|
groups and acetyl groups. The wei ght average nol ecul ar 10 vvel ght of the

t hus obt ?b/nv\gygg%]f gm%%g%&jtgg@l% steW??h& ield ﬁfrﬁﬁ:ﬁed

nol ecul a egrée 0 ncor ora I on o I sopr openyl
groups and ce rou into, the nulti br nched est.er pol

3506 and- PoeRECihup R Pra arp Gt sk BSIRE PR BR MRl o T on
vessel equipped with a turbine, blade was charged wth 2000 ml of ion
exchafge Weight of thedhus eftpiged ﬁt gaap?lmﬁerm 2308 <18E DYmBS BFrAEY g of

molecular weight was 3770, and the degree of incorporation of isopropenyl groups and

acetyl groups into the multibranched polyester polyol (A} was 55% and 40% respectively.

(Example 1)

15 A 5 liter stainless steel reaction vessel equipped with a turbine blade was charged
with 2000 ml of ion exchange water, and following the addition and dissolution of 10 g of
partially saponified polyvinyl alcohol and 0.05 g of sodium dodecylbenzenesulfonate as
suspension stabilizers, 1000 g of styrene containing 0.6 g of uniformly dissolved
multibranched macromonomer (M-m1), 2.8 g of benzoyl peroxide, and 0.6 g of t-butyl

20  peroxybenzoate were added sequentially.

Following replacement of the air inside the reaction vessel with nitrogen gas, the
reaction mixture was stirred at 500 rpm while the temperature was raised, and a

suspension polymerization was conducted for 6 hours at 92°C, and then for a further 3

hours at 117°C. The produced granular polystyrene resin was washed, dewatered and

25  dried to yield 980 g of a styrene resin composition. This resin was pelletized using an



partially saponified polyvinyl alcohol and 0.05 g of sodi um dodecyl benzene
- sul fonate as suspension stabilizers, 1000 g of styrene containing 0.6 g of
uni formy dissolved nmultibranched macrononomer (Mnl), 2.8 g of benzoyl
peroxi de, and 0.6 g of t-butyl 20 peroxybenzoate were added sequentially.
Fol | ow ng repl acenent of the air inside the reaction vessel wth nitrogen

gas, the extredetwitia oflifider @mpemngt iof REEPCat THeQbtdiped sthricherdsinecohpopigibat ur e was
rai sed, and a suspension polynerization was conducted for 6 hours at 92C,

and t hen f.qQr . LLar styrene
resin WasW a!\jvélg e%,tﬂr%ﬂéa%? glrlegggﬁc?\%c%edé‘% izlcga\edfoyc}ﬁ%/P%@g%g%%g%&ﬁgﬁtgéﬁé%e resin
conposition. This resin was pelletized usi an 30, .extruder with,.a

oy F ncter e saplaing Sigfonss e Teiingd  The B0 i s DB A Tiep S M2 on  was
used to prepare a sheet as described in the fol ding endurance neasurenent
met hod, Te¥HUPRe fol di ng endurance was neasured. The result for the folding
endurance was 12 repetitions. 5 (Exanple 2) Wth the exception of

repl aki ng the nultibranched macronononer (Min 1) from the exanple | with
the nul ti branched macronononmer (M nR), a styrene resin conposition was

produced (Exarhple 25ame manner as the exanple 1. The obtained styrene 10 resin
conposition was used to prepare a sheet as described in the folding

endurance megg e BN Yen] ' ) ed. The
cndlrance  Tso LR At a0 b oA AR EPARCC,, T
the exceptd Qhndle | ShHARL Al HaBlANGREL: R ATR RS Lyym 1) from
composition was produced in the same manner as the example 1. The obtained styrene
10 resin composition was used to prepare a sheet as described in the folding endurance

measurement method, and the folding endurance was measured. The result for the folding

endurance was 13 repetitions.

(Example 3)
15 With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-m3), a styrene resin

composition was produced in the same manner as the example 1.

(Example 4)
20 With the exception of altering the amount of the multibranched macromonomer
(M-m1) from the 0.6 g added in the example 1 to 0.2 g, a styrene resin composition was

produced in the same manner as the example 1.

(Example 5)



the exanple | wth the nmultibranched macrononomer (MnB), a styrene resin

- conposi tion was produced in the same manner as the exanple 1. (Exanple 4)
20 Wth the exception of altering the amount of the mnultibranched

macr onononmer (Mm) fromthe 0.6 g ad¥led in the exanple 1 to 0.2 g, a
styrene resin conposition was produced in the same manner as the exanple
1. (Exanpl e 5Wig the\Wxtéptionefakertryt the amohnidfites mofibrdie hadmidtonwhoibe

mul ti branched macronmononmer (Mm 1) fromthe 0.6 g added in the exanple | to

0.4 g, agstynh r:esi it r i as the
g iﬁﬁé](ﬁéﬁxg &ggg%w\%&e% Eﬁegﬂg@m&o@ﬂg%gyﬂeﬂe fdig sHRARGE as

exanpl e th th eption 6f replacing the nultibranched

macr onongne 1) from the.exanmpl with the nmultibranched
nacronDnBﬁoé#i"C%cmn%?%mge g’taweér?éﬂ}eee nﬁ'p?ec npositi on was produced in the sane
manner as the exanple 1. 10 (Exanple 7) Wth the exception of replacing the
mul ti branched macronmononer (Mm 1) from the exanple 1 with the

mul ti branched macronmononer (M nb), a styrene resin conposition was

pr oduged (Exambgie 63ane manner as the exanple 1. 15 (Exanple 8) Wth the
exception of replacing the nmultibranched macrononomer (Mm) from the

exanpl e 1 wi t whehemBrbéptiohaTedpatinpbe oRDBERhed MdtEImortbnsdr YWene) fOFi N
conposition was produced in the sane nmanner as the exanple 1. 20 (Exanple

9) the example 1 with the multibranched macromonomer (M-m4), a styrene resin

composition was produced in the same manner as the example 1.

10 (Example 7)
With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-mS5), a styrene resin

composition was produced in the same manner as the example 1.

15  (Example 8)
With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-m6), a styrene resin

composition was produced in the same manner as the example 1.

20  (Example 9)
With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-m7), a styrene resin

composition was produced in the same manner as the example 1.

25  (Example 10)



Wth the exception of replacing the multibranched macronmononer (Mm1l) from
-the exanple 1 with the nultibranched macronmononer (Mnv¥), a styrene resin
conposition was produced in the sane manner as the exanple 1. 25 (Exanple
10) 32 Wth the exception of replacing2the nultibranched nmacr ononomer (M m
1) fromthe exanple I with the nultibranched rmacromononer (M nB), a styrene

resin conposiwiththe\dgepigbraeslating tHeemslibRnbReINaicramohdiftera X el €roln 5
(Conparative Exanple 1) Wth the exception of not adding the multibranched

macr OWD”QHc?fxaﬁMlénl Rith @E@u@?%h%@%ﬁ%%n%o‘iﬁk? (1@1’&%@1} 'an te)ﬂrex‘{é@x%si}lsed to prepare

a linear pol'ystyrene. ai ne I near polystyrene was used to prepare

heet described in the. fol di d t method, and th
fol ding SREWPIHER i ETorusetindfic Sagmabas of e aPRE ol di ng 10 endurance

was 7 repetitions. (Conparative Exanple 2) Wth the exceptions of altering
the reaction tine to 7 hours, and replacing the 2.8 g of benzoyl peroxide
and 0.6 g of t-butyl peroxybenzoate with 3.6 g of 1,1-bis(t 15

but yl per d<pinp3raliyd ExampietiNyl cycl ohexane and 0.3 g of t-butyl

per oxybenzoate, the sanme nethod as the exanple 1 was used to prepare a

l'inear pol yst WWRRhe xXcepRa! @trioY fddii@inelBulBbrakéiidd rhiPoysamdri(MNnA, thepl aci ng
the 2.8 g of benzoyl peroxide and 0.6 g of t-but 20 peroxybenzoate with

yl
2.3 g of -hi - - -t L n g of
Cbutyl paPSTR s SARRE e o R EhIT: I ELANR R R ¥k, 3
prepare E}idegarnp%?jrrstyr%gé erast'. Ysed 1o prepare a sheet as described in the folding endurance

measurement method, and the folding endurance was measured. The result for the folding

10 endurance was 7 repetitions.

(Comparative Example 2)
With the exceptions of altering the reaction time to 7 hours, and replacing the 2.8 g
of benzoyl peroxide and 0.6 g of t-butyl peroxybenzoate with 3.6 g of 1,1-bis(t-
15  butylperoxy)-3,3,5-trimethylcyclohexane and 0.3 g of t-butyl peroxybenzoate, the same

method as the example 1 was used to prepare a linear polystyrene.

(Comparative Example 3}
With the exception of replacing the 2.8 g of benzoyl peroxide and 0.6 g of t-butyl
20  peroxybenzoate with 2.3 g of 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane and 0.5 g
of t-butyl peroxybenzoate, the same method as the example 1 was used to prepare a linear

polystyrene.

(Comparative Example 4)



(Conparative Exanple 4) 33 Wth the exception of adding 12 g of liquid

» paraffin (Daphne oil CP-50S, manufactured by Idemtsu Kosan Co. Ltd.) and
the styrene, the sane nethod as the corrparatlve exanple 3 was used to
prepare a linear polystyrene. 5 (Exarrplé 11) Wth the exception of altering
t he anmount added of the nmultibranched nacronmononer (Mm) to 1.5 g, a
styrene resin Wahphsétdeptiomaaddingdicgedf liquid haafan@®aphmnoié CPa80S he exanpl e
1. 10 (Exanple 12) A mixture of the styrene resin conposition obtained in

the exanphghifackited bl ederhitdiidbsaR @oy Bid/y aﬁmh@ag?énee(ﬂe Sdind RRIRATRMAL I ve
exanple 2, conbined in a weight ratio of was subjected to nelt

Kneact ng AR AR WIRGERY MhELPSAR ARNFROR 51, Sormos Lion wth
3Exanpl e 4 Macr onononer M m 1M n2M nBM m | Ampunt added of 600600600200

macr onononer (ppm Overall Mwv (x 104)38.942.545.832.1 P1Mv (x

104) 31. 833. 038. 632. 9
5 (Example 11)

With the exception of altering the amount added of the multibranched
macromonomer (M-m1) to 1.5 g, a styrene resin composition was produced in the same

manner as the example 1.

10 (Example 12)
A mixture of the styrene resin composition obtained in the example 6 and the
linear polystyrene obtained in the comparative example 2, combined in a weight ratio of
7.3, was subjected to melt kneading in an extruder, thereby yielding a styrene resin

composition with a new, altered composition.

15



Tol uene i nsol ubl e 0000 fraction (weight
Conpar ati ve Conpar ative Conparative Codparative Exanple | Exanple 2Exanpl e
3Exanpl e 4 Macronononer---- Amount added of
(x 10')25.533.040.240.2 P |

P2Mv (x 104)221224262213 Pl / P2 (-)93/793/ 794/ 699/ 1 Maxi mum Mv (X
. 104) 1, 7671, 3263, 019633 MFR (g/ 10 nin)1.30.90.52.7 Ml (g)5.25. 76. 54. 6

% Tg (C) 106106106106 Table 2

macr onononer (ppm Overall
Mv (x 104)aFe $33. 040.240.2 P2Mv (x 104)----
/P2 (-)100/ 0100/ 0100/ 0100/ 0 Maxi mum Mv (x 104) 490500500500

Example | Example 2 Example 3 Example 4
Macromonomer M-ml M-m2 M-m3 M-ml
Amount added of
macromonomer (ppm) 600 600 600 200
Overall Mw (x 10%) 38.9 42.5 45.8 321
P1Mw (x 10%) 31.8 33.0 38.6 32.9
P2Mw (x 10%) 221 224 262 213
P1/P2 (-) 93/7 93/7 94/6 991
Maximum Mw (x 10%) 1,767 1,326 3,019 633
MFR (g/10 min) 1.3 0.9 0.5 2.7
MT (g) 5.2 5.7 6.5 4.6
Toluene insoluble
fraction (weight %) 0 0 0 0
Tg (°C) 106 106 106 106
Table 2
Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4
Macromonomer - - -
Amount added of
macromonomer {ppm} ’ ) )
Overall Mw (x 10%) 25.5 33.0 40.2 40.2
PIMw (x 10%) 25.5 33.0 40.2 40.2
P2Mw (x 10%) - - _
P1/P2 (-) 100/0 100/0 100/0 100/0
Maximum Mw (x 10%) 490 500 500 500
MFR (g/10 min) 22 1.4 0.6 0.9
MT (g) 3.5 40 44 42
Toluene insoluble
fraction (weight %) 0 0 0 0
Tg (°C) 105 106 106 98

Mv
P



‘MFR (g/ 10 min)2.21.40.60.9 MI (g)3.54.04.44.2 Tol uene insol uble 0000

- fraction (weight % Tg(C) 10510610698 5 35 Tabl e 3 Exanpl e 5Exanpl e 6Exanpl e
7Exanpl e 8 Macr onononer M m 1M miM nbM n6 Anount added of 400600600600

macr onononer (ppn) Overall Mwv (x ] 04)3Y.344.542.740.1 P1MM x

104) 33. 233.031.932. 5 P2Mwv (x 104) 216274225223 P | |/ P2 (-)96/493/795/596/ 4
Maxi mum Mv (x 104) 9352, 6322, 5842, 088 1M5R(/ 10mi n) 1. 50. 91. 11. 2 Mr

(g)4.85.95.15.0 Tol uene insol uble 0000 fraction (weight

Example 5 Example 6 Example 7 Example §
Macromonomer M-ml M-m4 M-m5 M-mé
Amount added of
macromonomer {ppm) 400 600 600 600
Overall Mw (x 10% 37.3 445 42.7 40.1
PIMw (x 10%) 33.2 33.0 31.9 32.5
P2Mw (x 10" 216 274 225 223
P1/P2 (-} 96/4 93/7 95/5 96/4
Maximum Mw (x 10%) 935 2,632 2,584 2,088
MFR (g/10 min) 1.5 0.9 1.1 1.2
MT (g) 4.8 5.9 5.1 5.0
Toeluene insoluble
fraction (weight %) ° 0 0 0
Tg (°C) 106 106 106 106

Table 4

Example 9 Example 10 Example 11 Example 12
Macromonomer M-m7 M-m8 M-m! M-ml
Amount added of
macromonomer (pprm) 600 600 1,500 1,050
Overall Mw (x 10%) 46.3 45.4 553 48.2
PIMw (x 10% 32.6 36.0 44.8 4272
P2Mw (x 10%) 278 262 246 242
P1/P2 () 93/7 93/7 90/10 93/7
Maximum Mw (x 10%) 2,993 3,326 2,761 2,761
MFR (g/10 min) 0.6 0.7 0.5 0.6
MT (g) 6.7 7.5 9.5 87
Toluene insoluble
fraction (weight %) 0 0 0 0
Tg (°C) 106 106 106 106

The relationship between the weight average molecular weight and the MFR value

for the examples 1 to 10 and the comparative examples 1 to 3 is shown in FIG. 3. The




Tg (C) 106106106106 Table 4 Exanpl e 9Exanpl e 10Exanple | 1Exanple 12

- Macr onononmer M i M nBMm 1M m | Anpunt added of 6006001, 5001, 050

macr omononer (ppm Overall Mv (x 104) 46. 345. 455. 348. 2 P1MM X

104) 32. 636. 044. 842. 2 P2Mv (x 104) 278263946242 P 1 /P2 (-)93/793/ 790/ 1093/ 7
Maxi mum Mv (x 104) 2, 9933, 3262, 7612, 761 MFR (g/1 0 m n)0. 60. 70.50.6 M

(9) 6. 77. SibriaBntal Do} tephesents S mbleCulBONBight 06 (>Q0*)( WRivBRALcalAxisT&presents the
(C) 106106106106 5 The rel ati onship between the wei ght average nol ecul ar

wei ght angrkhg r: I . he ¢ arative
exanples 1 to éd\qig/ l\s@?&}v{ﬁ’ E{n(rq I%Ihgeﬁ@ @%eﬁ%g ]CHIﬁ%F %gpcg?ﬁ%g‘ tth%)'(‘fsél ggoﬂrt@esent S the
nol ecul ar__wei ght. Mv (x 104 he vertical axis represents the R val ue
(97 10 m rifYengkESino 83'33?5%?%‘51? FRETERIEs. And By Eapressiiribe fefults st o for
the styrene resin conpositions of the exanples, and the squares represent
t he resullingar palystyrgnes of the comparative examples. It is evident that the styrene resin
5  compositions of the present invention containing a multibranched polystyrene have a high
weight average molecular weight while also exhibiting a comparatively high MFR value,
As is evident from the Tables 1, 2 and 3, the styrene resin compositions of the
present invention containing a multibranched polystyrene exhibit higher values for the

melt mass-flow rate, the melt tension and the folding endurance than conventional linear

10 polystyrenes of the same weight average molecular weight, and consequently offer

superior levels of moldability, toughness and strength.




| i near pol ystyrenes of the conparative exanples. It is evident that the

- styrene resin 5 conpositions of the present invention containing a

mul ti branched pol ystyrene have a high _wei ght average nol ecul ar wei ght
whil e al so exhibiting a conparatively ﬁ?gh MFR value. As is evident from
the Tables 1, 2 and 3, the styrene resin conpositions of the present

i nvent i or'Whkait elaimedgisa nmul ti branched pol ystyrene exhi bit hi gher val ues for
the nelt nass-flow rate, the nelt tension and the fol ding endurance than
conventional linear 10 polystyrenes of the sanme wei ght average nol ecul ar
wei ght, and consequently offer superior |levels of noldability, toughness
and strength. 3 I i IS o A Lo i on
compri 51 g a 11 RUNE P eGhBES dofnariing {Hibt bR ICBELRAREHNARN Ot gy
of 200,000 to 350,000 and a | br | ystyren aving 5 wei ght
aver age ﬁﬁ?ré&%m?w}ér&mg%wf% t@%’gﬁ{bﬁgfggﬁwﬁ% ‘,‘ﬁ\)?ﬂipd}’sg'é?e Vi§er age
mol ecul ar wei ght of 250,000 to 700,000, and a nelt mass-flow rate (MFR) and
nel t 5t easveght(avimagamoadésulatveighy of 50R0.08@ tq 10,00he0% Mhighdas ap @verags: MFR ~!
45 x exp(-O | x Mv x 10-4) (1) 10 (wherein, MFR and Mwv denote a nelt
mass- f | owndledudaravgiglet of250)000 av 2006000, amd 2 meltanassdloghtater @4k cariduntly for said
styrene resin conposition), Ml ;-> 0.07Mv x 10-4 + 1.8 (2) (wherein, Ml and
Mv denot qedidiBIMT) WS h QishP thrAulRi( Dind Y pregRip@L ecul ar wei ght 15
respectively for 'said styrene resin conposition). 2. A styrene resin
conposition according to claim1, wherein said nmultibranched polystyrene
conprises a branched structure containing electron attracting groups and

MFR 2 45 x exp(-0.1 x Mw x 107 (1
10 (wherein, MFR and Mw denote a melt mass-flow rate and a weight average molecular

weight respectively for said styrene resin composition),

MT 2 0.07Mwx 107+ 1.8 )
(wherein, MT and Mw denote a melt tension and a weight average molecular weight

15  respectively for said styrene resin composition).

2. A styrene resin composition according to claim 1, wherein said multibranched
polystyrene comprises a branched structure containing electron attracting groups and
tertiary carbon atoms in which 3 bonds other than a bond bonded to an electron attracting

20 group are all bonded to other carbon atoms.

3. A styrene resin composition according to claim 2, wherein a quantity of said

electron attracting groups within said branched structure is within a range from

2.5%x10™ to 5.0x10"! millimols per 1 g of said multibranched polystyrene.




tertiary carbon atons in which 3 bonds other than a bond bonded to an

- electron attracting 20 group are all bonded to other carbon atons. 3. A
styrene resin conposition according to claim2, wherein a quantity of said
el ectron attracting groups wthin said3ranched structure is within a range
from 2.5x 104 to 5.0Ox 10-1 mllinmols per | g of said nultibranched

pol ystyrdne. 25st3ikne desifcGrhydsitith dc€sidhgad RO It WhBredt&d fulthrhithed ai m 1,
wherein said nultibranched polystyrene is a copolynmer of (A a

mul ti brang &ﬁqgg@gﬁg kr bAvi ng a branched structure containing el ectron
attracti %gi}gﬁ[g)ups an tgﬁ{ary carbon atons in which 3 bonds other than a

bond bon to..5 a |l ectron attractin roup are all bonded to other

car bon a?‘gﬂﬁ mlgwyaﬁcgﬁﬁ PACEUROROMSE having a%r%g@;cfgrqc(gurg SOUPBHER: Eiq%mroi"‘ng, and

(B) styrene. 5. A styrene resin conposition according to claim4, wherein a
degr ee” oRURACHAL BTONgS andtegiark saonptomsyp aighetibongs odhes thamarbond bapded ta a
range from0.3 to 0.8, and a quantity of said double bonds bonded directly

t o and ar enelectron atigciing gionpiare &l bandgd tof stben rtiontavorbs,and dbbble bohds per 1 g of
said mul ti branched nmacronmonomer. 6. A styrene resin conposition according

to cl ai mbéndethEreetli teai srofatit irAgadghed 15 macronononer has a branched chain
conprising a repeating unit represented by a general forrmula (1) shown

bel ow. Gegpgglentormula (1) Y1 Z-Y2--C

5. A styrene resin composition according to claim 4, wherein a degree of branching
10 of said multibranched macromonomer is within a range from 0.3 to 0.8, and a quantity of
said double bonds bonded directly to an aromatic ring is within a range from 0.1 to 5.5

millimols per 1 g of said multibranched macromonomer.

6. A styrene resin composition according to claim 4, wherein said multibranched
15  macromonomer has a branched chain comprising a repeating unit represented by a general

formula (I) shown below:

General formula (1)

Y,
{z-¥rcy

20 [wherein, Y, denotes an electron attracting group selected from a group consisting of -CN,
-NO,, -CONH,, -CON(R),, -SO,CH3, and -P(=0)(OR), (wherein R denotes an alkyl group
or an aryl group), Y, denotes an arylene group, -O-CO- or -NH-CO-, and Z denotes a

group selected from a group consisting of -(CH;),0-, -(CH;CH;0),-, and




20 [wherein, Yl denotes an electron attracting group selected froma group
- consisting of -CN, -NO2, -CONH2, -CON(R)2, -S2CH3, and -P(=0 (OR) 2
(wherein R denotes an al kyl group or an aryl group), Y2 denotes an aryl ene
group, -0-CO or -NHCO, and Z denotesd?a group sel ected froma group
consisting of -(CH2),,O, -(CH2CH20 n-, and 39 - (CH2CH2CH20O) n-, providing
that Y2 i-CIICHEH,;:-Chtovitting ikt €0s, eitBerd@n Q0 91 NIBHIDY) 7 denofeSHOHY) A -
-(CH2)n OGAr-, -(CHRCH20 n-Ar-, or -(CH2CH2CH20) n-Ar- (wherein Ar denotes

an aryl gepyRAl-, -CHy), AR O&qﬁ%ﬁzgy?n-RF-QQP&tPQCP{Z?f;;’GE%- f@ﬁéran%”posgt hon

according to clai y caring out a radical polymerization of (A

mul tibra hod macrgrmnoger havi ng a branched structure containing electron
attracti EDSFSO%%IY BEPEr t | ary carbon atons in which 3 bonds other than a
bond connected to an electron attracting group are all bonded to other
carbon atons, and doubl e bonds 10 connected directly to an aromatic ring,
and (B) styrene. 8. A styrene resin conposition according to claim1,
wher ebn Jai d Auptocessdocreducipph yiytenegesin conpositsasacaondingrto lebaimslt byucaringe
containing a repeating structural unit selected 15 froma group consisting

of est er oli alediRs polghldizationdfages and ami de |inkages. 9. A styrene resin
conposition according to claim8, which is a copolyner of (A a

mul ti bra@gygﬂ,dm&agﬁw%{orhﬁ?ﬂnﬁbg hgviﬁg%fb%ﬁﬂeé&tfdé?&r%&tSfﬁm i%&@g a

repeating ~structur unit selecte oma group consisting o ter

| i nkages ther |ink and amde 20 |in s...and doubl.e honds at, branch
term nat SR8 g BE RGP RABN oBR0 Fouhyp i 26 e ks B B0 200eBng ©o
claimso, tc\)NeIlnlne gl%é@onaatg'gglrn%egrgﬁp EI‘I;: %ﬂ(\brcl)lncri]egd to other carbon atoms, and double bonds

10 connected directly to an aromatic ring, and

(B) styrene.

8. A styrene resin composition according to claim 1, wherein said multibranched
polystyrene comprises a branched structure containing a repeating structural unit selected

15  from a group consisting of ester linkages, ether linkages and amide linkages.

9. A styrene resin composition according to claim 8, which is a copolymer of

(A) a multibranched macromonomer having a branched structure containing a repeating

structural unit selected from a group consisting of ester linkages, ether linkages and amide
20 linkages, and double bonds at branch terminals, and

(B) styrene. -

10. A styrene resin composition according to claim 9, wherein a degree of branching

of said multibranched macromonomer is within a range from 0.3 to 0.8, and a quantity of



of said nmultibranched macrononomer is within a range from0.3 to 0.8, and a
- quantity of 40 said double bonds at branch termnals is within a range
fromO0.1 to 5.5 mllinols per | g of said nultibranched macronmononer. H A
process for producing a styrene resin 8énposition according to claim8 by
caring 5 out a radical polynerization of (A a nmultibranched macr onononer

havi ng a shidajloabledoaty atdiratich e@fihas ¥ Wighia ar8p@Avdrn 0.1 BT VLIRS pediltg
selected froma group consisting of ester |inkages, ether |inkages and

am de | igpkagesutsafciavsohonts.cat branch termnals, and (B) styrene. 10

11. A process for producing a styrene resin composition according to claim 8 by caring
5 ouf a radical polymerization of

(A) a multibranched macromonomer having a branched structure containing a repeating

structural unit selected from a group consisting of ester linkages, ether linkages and amide

linkages, and double bonds at branch terminals, and

(B) styrene.

10




